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MINNEAPOLIS 


So-called renal diabetes has been reported at various times in the 
literature. The term is now recognized as a misnomer and the condi 
tion should be called renal glycosuria. True cases of renal glycosuria 
are rare and many so diagnosed are open to question, being mild or 
atypical diabetes mellitus. 

The lesion is apparently renal and due to a constant excretion by 
the kidney of a small amount of sugar while the blood sugar is normal 
The tissues can still utilize carbohydrates, and as a result on any dict 
the percentage of sugar excreted does not vary to any great extetit 
The glycosuria is usually found by accident or routine examination, the 
patient reporting for life insurance or irrelevant illness. Most of the 


patients do not present any of the clinical symptoms of diabetes melli 


tus and are apparently in good health. Pathologically, the glycosuria 
seems to be due to a lowered kidney threshold for carbohydrates. 

The first essential necessary for a diagnosis is a blood sugar run 
ning within normal limits. The level is placed differently by various 
authorities. The general opinion at present places the normal percent 
age of blood sugar between 0.7 and 0.15. In this we concur. In order 
to make the diagnosis of renal glycosuria, it 1s necessary to have the 
following data: 

1. A urine containing dextrose in amount unchanged to any great 
extent by fluctuation of carbohydrate intake 

2. A blood sugar of normal percentage 

g g 

A number of men have recorded cases of renal glycosuria. Allen’ 
has thoroughly reviewed the literature and asserts that he was able to 
find only two true cases of this condition, namely, those reported by 
Boringer* and Tachau. 

* Submitted for publication Jan. 2, 1918 

*From the Chemical Laboratory, Department of Medicine, University 
Minnesota. 

1. Allen: Glycosuria and Diabetes. Boston, 1910, 1, 544 

2. Bonninger: Deutsch. med. Wchnschr., 1908, 34, 780 

3. Tachau: Deutsch. Arch. f. klin. Med., 1911, 104, 448 
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Allen also says that other men have reported this condition when 
the correct diagnosis has been mild or atypical diabetes mellitus. Such 
instances are recorded by Frank,‘ Roger and Chalin® and Salmon.* 
Calambos’ cites a case suggesting a phloridzin glycosuria. Since Allen’s 
review Graham,* De Langen,’ Mosenthal and Lewis’® have reported 
cases of renal glycosuria which seem to stand the test. During the 
last few months, Murlin and Niles™' have reported another case. 
Because of the rarity of this disease and because of recent reports of 
Murlin and Craver’? and Underhill’* on decreased glycosuria after a 
sodium bicarbonate administration, this case is reported. 


REPORT OF CASE 


History.—E. L., University Hospital, No. 10625, woman, white, aged 21, born 
in Minnesota and descended from Swedish ancestry. 

Family History—Father (aged 48), mother (aged 50), one brother (aged 17) 
and one sister (aged 24) are living and well; one brother died in infancy, cause 
unknown; no tuberculosis, cancer, cardiac, or kidney disease in the immediate 
family; no history of obesity or diabetes mellitus. Other members of the family 
have had their urines examined at various times and they have been found nega- 
tive for sugar. 

Occupational History—During the six months prior to examination the patient 
was a clerk in a confectionery store. The work was light and the hours not 
long. She was previously a seamstress. The needlework was very confining. 

Personal History—The patient had measles and whooping cough when a 
child; she was vaccinated and also had an appendectomy two years prior to 
admission. The venereal history was negative to indirect questioning. She had 
occasional frontal headaches during the previous few years, attributed to needle- 
work. The cardiorespiratory history was negative. The gastro-intestinal history 
was negative up to the present illness, except for some nausea, with the headaches 
mentioned. The genito-urinary history was negative to the present illness. 
D 4-5/N-U. Catamenia, normal. The skin was always a little dry. There was no 
loss of hair. The highest weight was 130 pounds, two months prior to examina- 
tion. At the time of the examination it was 120 pounds. Two years previously 
it was 107 pounds. The patient sleeps well, uses no alcohol or drugs, but tea and 
coffee in moderation. 

Present Illness—For an indefinite period of two or three years the patient 
had noticed slight polyuria. Nocturia was not present and no other urinary 
symptoms were noted. 

Two years prior to admission her physician removed the appendix, which 
was in a state of chronic inflammation. There were never any acute symptoms 
and aside from slight tenderness over McBurney’s point she had felt well. Ether 
anesthesia was used. On returning home after a normal convalescence of twelve 

Frank: Arch. f. exper. Path. u. Pharmakol. 1910, 72, Nos. 3 and 7. 

5. Roger and Chalin: Arch. d. mal. d. l’'apparat. digest., 1912, 6, 661. 

. Salmon: Deutsch. med. Wchnschr., 1914, 40, 217. 
. Calambos: Deutsch. med. Wehnschr., 1914, 46, 1301. 
8. Graham: Jour. Physiol., 1915, 49, 46 (Proceedings). 
. De Langen: Berl. klin. Wehnschr., 1914, $8, 1792. 
. Mosenthal and Lewis: Bull. Johns Hopkins Hosp., 1916, 27, 134. 
. Murlin and Niles: Am. Jour. Med. Sc., 1917, 153, 79. 
. Murlin and Craver: Jour. Biol. Chem., 1916, 28, 289. 
. Underhill: Jour. Am. Med. Assn., 1917, 68, 497. 
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days, the patient was informed that sugar was present in her urine. It had been 
found constantly during her stay in the hospital. Since that time she had been 
under a physician’s care. There had never been any polyphagia or polydipsia. 
Her diet and appetite were “equal to that of her friends and relatives.” She 
gained in weight and considered herself well. 

During her second admission (six weeks in a hospital), her physician limited 
her diet. Although a modified Allen diet was used, on only one day was she free 
of glycosuria. Her blood sugar was never determined. At the end of this time 
she was discharged from the hospital with instructions to limit the diet to 5 per 
cent. and 10 per cent. vegetables, with a normal protein and fat intake. After 
that time, for a period of two years, glycosuria was present on each examination 
She gained in weight and height during this time and had always felt in normal 
health. 

There had been no change in the polyuria. Polydipsia and polyphagia never 
developed. She followed the prescribed diet strictly. No symptoms of acidosis 
were present during this time. The headaches mentioned disappeared after wear- 
ing glasses. While a clerk in the confectionery store there had been no inclina- 
tion to eat candy. She said that during this period she had not “tasted candy 
over two or three times.” 

The patient was admitted to the hospital for study and for a further attempt 
to eliminate the glycosuria. 

Physical Examination—Temperature, 99.1 F.; pulse, 100; respirations, 20; 
height, 5 feet, 1.5 inches; weight, 123 pounds. A well developed and well 
nourished young woman lying in bed in no apparent discomfort; skin dry and 
slightly roughened over the entire body; hair wavy and present in normal 
amount; no deformities, and body of normal contour ; no abnormal bony develop- 
ment noted; mucous membranes of good color and not pigmented; pupils equal 
and regular, reacting normally to light and accommodation; sclerae clear; no 
signs of exophthalmic goiter; ears negative for discharge and tophi; hearing 
good; mouth, tongue and pharynx normal; teeth and gums in good condition; 
tonsils negative; uvula bicornate; thyroid gland not palpable; axillary and 
inguinal glands palpable, pea to bean size. 

The lungs were normal ; apical fields measured 5 cm. and diaphragmatic excur- 
sion 4 cm.; no abnormalities in breath sounds. 

Heart: The apex could not be seen or felt; nipple was 10.5 cm. to the left of 
the midsternal line; relative cardiac dulness measured 11 cm. on the left and 
shifted 2 cm.; upper dulness at the third rib and supracardiac dulness were 
normal. The heart sounds were normal in time and rhythm. No murmurs wer« 
heard and the pulmonic second sound was greater than the aortic second; pulse 
regular in force and rhythm and of good volume and tension. 

Abdomen: There was a suprapubic scar 8 cm. long. The abdomen was soft. 
normal in contour, and tympanitic; no masses or tenderness demonstrated. Liver 
dulness appeared at the fourth rib and was lost at the costal margin. The edge 
was not palpable. The spleen and kidneys were not felt. 

The extremities were negative; patellar reflexes present on reinforcement ; 
Oppenheim and Babinski negative; no edema or thickening of the tibiae present 

Rectal and vaginal examination were not indicated. 

Laboratory Data—The blood showed a normal red and white count, hemo- 
globin and differential; systolic blood pressure, 115 and diastolic, 78 mm. of 
mercury; Wassermann reaction negative. The phenolsulphonephthalein test 
showed 55 per cent. excretion at the end of the first hour, 12 per cent. at the end 
of the second hour; total 67 per cent. Ambard’s constant ranged from 0.08 to 
0.09. The urine was clear, straw colored, and acid in reaction. There was no 
albumin. Traces of acetone and diacetic acid were present. The microscopic 
examination was negative except for a few epithelial cells. Benedict's and the 
fermentation tests were positive for sugar. The phenylhydrazin test gave 
dextrose osazone crystals 
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The roentgenogram of the skull was negative and the sella normal in size 
and outline. 

Laboratory methods used: Urinary nitrogen, Kjeldahl method; urinary 
ammonia, Rouchese-Malfatti;* urinary sugar, Benedict’s solution, polariscope; 
urinary acetone, Lugol’s solution; urinary diacetic acid, Gerhard’s solution; 
alveolar carbon dioxid, collection with Plesch apparatus,” determined by Haldane 
apparatus; alkaline reserve, Van Slyke apparatus; pH of blood, Levy, 
Rowntree and Marriott;” chlorids of urine, Volhard-Harvey method; blood 
sugar, Myers and Fine.” 

DISCUSSION 


On admission, the case was thought to be one of atypical diabetes 
and the usual routine treatment was given in preparation for starva- 
tion, namely, the fats were first eliminated from the diet. After four 
days’ starvation, glycosuria was still present and the blood sugar 
remained at the same level as on admission. In mild diabetes the 
glycosuria would usually have disappeared with such a glycemia. A 
low caloric diet was next administered and starvation was later 


repeated. The glycosuria still persisted and the blood remained 


unchanged to any great extent. On account of this fact the dextrose- 
nitrogen ratio was determined. After a constant diet of protein and 
fat for six days, the glycosuria disappeared. The next few days, on 
starvation, glycosuria was absent, this being the only time during her 
stay in the hospital that the patient was sugar-free. It was thought 
the case might correspond to the usual diabetic treatment, but on a diet 
containing 7 gm. of carbohydrate the sugar output was 7 gm. The 
blood sugar still remained fairly constant. Our provisional diagnosis 
of renal glycosuria now seemed to be confirmed, and during the remain- 
der of her stay in the hospital the patient was treated for this condition. 

Table 1 presents a metabolic study and shows, in addition, data 
relating to acid-base equilibrium. The urine shows constantly a small 
amount of diacetic acid and acetone. The urinary ammonia is usually 
within normal limits, but increased somewhat during the period of 
study of the dextrose-nitrogen ratio. The alveolar carbon dioxid and 
alkatine reserve vaiues were only slightly changed. In the early part 
of the patient’s stay the studies revealed a very mild acidosis, although 
no symptoms were present. The pH of the blood on admission shows 
a mild grade of acidosis, and later is within normal limits. 

The remainder of the data relates to glycosuria and sodium bicar- 
bonate and sodium chlorid intake. Chart 1 is a graphic record of these 


14. Folin: Laboratory Manual of Biological Chemistry, Appleton & Co., 1916. 

15. Plesch: Ztschr. f. exper. Path. u. Therap., 1909, 6, 380. 

16. Haldane and Priestley: Jour. Physiol., 1905, 32, 225. 

17. Van Slyke: Proc. Soc. Exper. Biol. and Med., 1915, 12, 165. 

18. Levy, Rowntree and Marriott: Tue Arcuives Int. Mep., 1915, 12, 389. 

19. Harvey: THe Arcuives Int. Mep., 1910, 6, 12. 

20. Myers and Fine: Chemical Composition of the Blood in Health and Dis- 
ease. 1915. 
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studies. Section 1 of the chart shows the period of starvation 
high salt intake. During this period we were attempting to get the 
patient sugar-free. The upper curves record the glycosuria and weight 
of the patient. The midle curves record the chlorid intake and output 
The lower curves show the fluid balance 

It will be noted that the patient lost 10 pounds in weight. The 











Chart 1.—Upper curves record 
middle curves show the chlorid intake and output; the lower curves show the 
fluid balance, as explained more fully in the text. 


glycosuria and weight of the patient; the 


sugar excretion was lowest during the period of high salt ingestion 
The fluid curve does not show anything normal. 

Section 2 records the same curves after the diagnosis of renal gly 
cosuria was established. The patient was placed on a constant diet of 
carbohydrate, protein and fat for a period of two weeks. The salt 
was restricted as much as possible, only the chlorids normally present 
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TABLE 1.—Data or METABOLISM— 


Date, Fluid Urine . . Cc 
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in the diet being allowed. During this time the glycosuria varied a 
great deal from day to day, although the chlorid metabolism was very 
low. 

Chart 2 is a graphic record of the glycosuria in relation to sodium 
bicarbonate ingested. It will be noted this was during the same period 
as Section 2 of Chart 1; in other words, the chlorids were still 
restricted. For a period of four days (A) before administration the 
daily average excretion was 10.9 gm. Sodium bicarbonate in the 
amount indicated was then given by mouth. This was continued for 
seven days and the average daily sugar excretion increased to 19.6 gm. 
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Chart 2.—Graphic record of glycosuria in relation to sodium bicarbonate 
intake and sugar output. Explained more fully in the text. The dash line = 
sodium bicarbonate; solid line = sugar. 


A period of four days (C) without sodium bicarbonate was then given. 
The average daily sugar output for this period was 17.3 gm. The 
sodium bicarbonate was next given by duodenal tube for a period of 
three days (D), 1,000 c.c. of a 0.5 per cent. solution being adminis- 
tered. During this period the daily sugar output averaged 22.7 gm. 
It was felt that the bicarbonate was of little practical value, and we dis- 
continued its administration. During the remainder of the patient’s 
stay in the hospital the daily sugar excretion averaged 25 gm. of 
dextrose. 


21. The duodenal contents were recovered at various periods in order to make 
certain the tube was in the duodenum. Bile pigments were identified in the con- 
tents by the spectroscope. 
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Table 2 records the sugar and fluid output. During the day the 
urine was collected every two hours and a ten-hour collection made of 
the night specimen. The patient was on the same diet each day and 
the salt was restricted throughout the entire period. The first day is 
a record of the excretion with only the restricted salt. Sodium bicar- 
bonate was then administered by duodenal tube for four days. Two 
hourly collections were made on the third and fourth days and are 
recorded on the table. It will be noted that there is no appreciable 
change in the total output. A return to three more days of restricted 
salt was then made. 

This table is of interest because of the amount of sugar excreted 
with each collection. In the morning specimens the total output was 
always low, being about 1 to 2 gm. During the middle of the day it 
increased at the same time the fluid output was at its height. In the 
evening specimen it again fell to the same level as in the morning col 
lection. The night specimens were always low in total output. Appar- 
ently no causal relationship exists between the fluid output and the 
glycosuria. 

It will be noted in Table 1 that the blood sugar** has been recorded 
at frequent intervals during the patient’s entire stay in the hospital 
Only after prolonged starvation was there any appreciable change in 
the sugar level. At that time it fell to 0.09 and 0.1 per cent. During 
the period of constant diet in Table 2 it was between 0.12 and 0.14 
per cent.,”* which is unquestionably the upper limit of normal 


CONCLUSIONS 
1. A diagnosis of renal glycosuria is established in this case. 
2. Glycosuria has little relation to chlorid metabolism in this 
condition. 
3. The renal threshold for sugar was not increased by sodium 


bicarbonate ingestion. 


The chlorids of the food were estimated from Sherman’s “Chemistry of Food 
and Nutrition.” In a few instances they were determined in our laboratory. 
Myers and Killian™* have recently reported studies relative to the diastatic 
24. Myers and Killian: Jour. Biol. Chem., 1917, 29, 179. 
activity of the blood. It is of passing interest that we record two determinations 
on this case. The findings were 33 and 36, a little above the normal. The prog- 
nostic significance of this is not yet apparent. 
We are indebted to Dr. E. L. Tuohy of Duluth, who referred this case to the 
University Hospital, and to Miss Winifred Swift for technical assistance. 


22. Blood collected some months after the patient left the hospital showed for 
oxalated blood, 0.0661 sugar, and for plasma, 0.060 sugar 

23. We have found the normal limit in our laboratory between 0.11 and 0.14 
per cent. 











SALT METABOLISM IN DIABETES MELLITUS * 


A. H. BEARD, M.D. 
MINNEAPOLIS 


During the last year, in addition to the routine followed in the 
metabolic wards of the University Hospital in the care and treatment 
of patients with diabetes mellitus, we have attempted to determine the 
cause and conditions leading to the rapid loss or gain of weight in 
patients suffering from this disease. Any one working with diabetes 
has been surprised to note the gain in weight of certain types of patients 
while undergoing starvation. It is not a new condition, arising entirely 
from’ Allen’s treatment. In earlier days it was often found that 
patients gained weight on the “Oatmeal cures,” or lost rapidly as coma 
approached. 

Rapid loss or gain in weight, the total calories remaining at the 
same level, occurs in normal individuals with alterations in amount of 
fat, carbohydrate and protein in their diets. Joslin® asserts that a high 
carbohydrate diet is apt to increase the weight and a low carbohydrate 
with a high fat intake usually lowers it. This is probably due to 
storage of one or the other of these ingredients. Zuntz,*® in 1912, 
showed that for every gram of carbohydrate stored in the body it was 
necessary to retain 3 gm. of water, while, on the other hand, for every 
gram of fat retained, 0.1 gm. of water was necessary. As a result, it 
was thought that the rapid gain in weight on the old oatmeal diet was 
due to sudden storage of carbohydrates requiring the necessary amount 
of water in the body tissues. 

There are other factors that enter into the retention of fluids. In 
normal individuals high sodium chlorid ingestion increases the weight 


of the body, although as a rule edema does not develop. Joslin? men- 
tions this in his recent monograph. He also says that diabetic patients 


with the disease in severe form, during the starvation period, often 
develop edema, probably due to the high sodium chlorid ingestion. In 
1908 Joslin and Goodall* reported edema in severe diabetes following 
the use of sodium bicarbonate. Their explanation was as follows: 
* Submitted for publication Jan. 2, 1918. 

*From the Chemical Laboratory, Department of Medicine, University of 
Minnesota. 

1. Allen: Glycosuria and Diabetes, Boston, 1910. 

2. Joslin: Treatment of Diabetes Mellitus, Lea & Febiger, 1916. 

3. Zuntz: Biochem. Zts ‘hr., 1912, 44, 290. 

4. Goodall and Joslin: Jour. Am. Med. Assn., 1908, 51, 727. 
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Apparently the administration of sodium bicarbonate by favoring the excre- 
tion of large quantities of retained acid bodies, leads to irritation of the kidneys, 
resulting in their inability to excrete salt in the normal manner, If the salt in 
the diet is restricted there is less to be retained and consequently no gain in 
weight results. 

Joslin* also says that clinically it is inadvisable to allow a salt-free 
diet because of the liability of coma, in which loss of weight may be 
rapid. 

ROUTINE 

On admission each patient was placed on a diet corresponding as 
closely as possible to the food intake before entrance to the hospital 
In a few instances, because of the condition of the patient, this has not 
been possible. The cases showing moderate acidosis were included in 
the usual routine. This gave us the actual condition of the patient 
before starvation was instituted. The next step was preparation for 
starvation. Fats were first restricted and later carbohydrates eliminated 
from the diet. In other words, the acidosis received first considera 
tion, the glycosuria being controlled later. On the fourth day from 
25 to 30 gm. of carbohydrates were allowed, the amount of protein and 
fat being only that present in the 5 and 10 per cent. vegetables and 
broth. The fifth day started the complete starvation period, which 
was continued, in most cases, from two to three days, until glycosuria 
was eliminated. Starvation consisted of the usual routine—broth, tea, 
and coffee without sugar or cream ‘ 

Fluids were forced from the time of admission, the patient receiy 
ing between 2,000 and 3,000 c.c. of fluid daily.° This also assisted in 
combating acidosis before starvation was instituted 

The remaining routine was as follows: 

The patient was weighed daily before breakfast, after completion 
of the twenty-four-hour specimen. The weight of the clothes was 
deducted in each case. Later, after glycosuria had disappeared, the 
usual weekly starvation day Was given. 

Alternate cases, irrespective of the severity of the disease, were 
placed in separate groups. The first group was allowed unrestricted 
use of table salt without sodium bicarbonate. The second group 
received sodium bicarbonate with only the chlorids normally present 
in the food. Sodium bicarbonate was given in periods of from seven 
to ten days each, 10, 25 and 40 gm., respectively. This grouping of 
patients excluded the possibility of selecting our cases for either type 
of treatment. The food values were calculated by the hospital dietitian 
Sherman’s® values were accepted for chlorid content of the food. In 


5. In each case the water content of the food was included. 
6. Sherman: Chemistry of Food and Nutrition, Macmillan, 1915 
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a few instances the salt content was determined in our laboratory. 
The broth was always made under the same directions and the chlorid 
determined twice a week in order to check the results. As a rule, as 
presented to the patient, it averaged between 0.08 and 0.09 per cent.’ 
In the early cases the chlorid content of the feces was determined. 
Because of the constant low excretion, between 0.2 and 0.8 gm. in 
twenty-four hours, further determinations were discontinued. The 
chlorid content of the blood was determined in the early cases by the 
McLean and Van Slyke* method. Constant values between 5.5 and 
6.2 mg. per 100 c.c., irrespective of edema, were found, and conse- 
quently these determinations were discontinued. 
The methods used in carrying out these studies were as follows: 


Determination Method 

. Urinary nitrogen Kjeldahl 

. Urinary ammonia Rouchese Malfatti’ 

. Urinary sugar Benedict’s solution and polariscop« 

Urinary diacetic acid Gerhard’s solution 

Urinary acetone Lugol’s solution 

Alveolar carbon dioxid Collected—Plesch” 

. Alkaline reserve Determined—Haldane”™ 

. pH_ of blood Determined—Marriott” 

. Blood sugar Van Slyke™ 

Chlorids of urine Levy, Rowntree, and Marriott" 

Myers and Fine” 
Volhard-Harvey™ 


DUS wh — 


oeosI 


In the series of twenty-five patients varying between 5 and 78 
years in age, edema and gain in weight developed in three patients. 
Two developed edema on unrestricted chlorids (Cases 3 and 4) ; the 
third (Case 5) was given sodium bicarbonate with restricted salt. The 


remaining patients showed a general loss of weight without edema, 
irrespective of the series in which they were placed. Two of such 
typical cases are included in the report (Cases 1 and 2). 


REPORT OF CASES 


Case 1.—Mrs. S. (10834), aged 63, married, born in Sweden, lived in the 
United States thirty-five years; occupation, housewife; weight, 49.7 kg.; height, 
152.4 cm.; admitted March 14, 1917; discharged May 12, 1917. 


7. This was served to the patient. In many instances they added large quan- 
tities of salt 

8. McLean, F. C., and Van Slyke, D. D.: Jour. Biol. Chem., 1915, 21, 361. 

9. Folin: Laboratory Manual of Biological Chemistry, Appleton & Co., 1916. 

10. Plesch: Ztschr. f. exper. Path. u. Therap., 1909, 6, 380. 

11. Haldane and Priestley: Jour. Physiol., 1905, 32, 225. 

12. Marriott: Jour. Am. Med. Assn., 1916, 66, 1594. 

13. Van Slyke: Proc. Soc. Exper. Biol. and Med., 1915, 12, 165. 

14. Levy, Rowntree, and Marriott: Tae Arcuives Int. Mep., 1915, 16, 389. 

15. Myers and Fine: Chemical Composition of the Blood in Health and Dis- 


ease, 1915. 
16. Harvey: THe Arcuives Int. Mep., 1910, 6, 12. 
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Family and past history negative. 

Present Illness—Four years prior to admission the patient developed weak- 
ness, polyuria, polydipsia and polyphagia, and lost 90 pounds during this period 
A prescribed diet has not resulted in improvement. Her physician says “she 
has never been sugar-free.” Generalized pruritis has appeared during the last 
few months. 

Physical Examination.—Considerable emaciation. Heart and lungs are nega- 
tive. Abdomen is negative except for a palpable right kidney An old vari 
cose ulcer is present over the left ankle and marked varicose veins are found 
in both legs. Knee jerks not obtained 


SUMMARY 


This patient showed a gradual loss of weight. On admission she 
was placed on restricted salt and the routine amounts of sodium bicar 
bonate for a period of four weeks. It will be noted (Table 1) that 
her carbohydrate tolerance was first reached at 125 gm. After the 
bicarbonate was discontinued, unrestricted chlorids were allowed. <A 
few days of digestive disturbance followed the withdrawal of the 
bicarbonate. Later the carbohydrate tolerance was again reached at 
125 gm. This is of interest because of Underhill’s'’ recent report 
claiming increased tolerance on sodium bicarbonate administration 
The metabolic and acid-base equilibrium studies are recorded in 
Table 1. Glycosuria and weight in relation to the salt and fluid balance 
have been recorded in Chart 1. Also the number of calories per kilo 
gram body weight has been charted. The highest chlorid intake in 
twenty-four hours was 21 gm. The greatest loss of weight occurred 
in the first period during restriction of the chlorids. On high sodium 
bicarbonate and unrestricted salt the weight was maintained. It is 


only fair to state, however, that during the period of maintenance of 


weight the caloric intake was greater than during the earlier periods 
No edema developed at any time. It will be noted that during her stay 
in the hospital there was a gradual loss of 12.5 pounds. No marked 


chlorid and fluid retention or loss developed 


Case 2—Mrs. T. (10530), aged 50, born in Belgium, lived in the United 
States fifteen years; occupation, housewife; weight, 65.8 kg.; height, 1,473 cm 
admitted Jan. 27, 1917; discharged Feb. 19, 1917 

Family and past history are not remarkable. 

Present Illness began five or six years prior to admission with stiffness in 
knees, weakness and general malaise. The skin was very “itchy” and the bowels 
have always been constipated. The patient has been admitted in other hospi- 
tals but carbohydrate tolerance has never been determined. There has been 
considerable polyphagia, polydipsia and polyuria. The latter has decreased some- 
what during the last few years. There has been a gradual loss of 100 pounds 
in weight. 

Physical Examination—A poorly nourished, elderly woman; the heart 
is slightly hypertrophied and shows definite mitral insufficiency ; umbilical hernia 
the size of an orange is present; both kidneys are palpable; knee jerks are 


not obtained. 


17. Underhill: Jour. Am. Med. Assn., 1917, 68, 497 
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TABLE 1.—Data 


Amt. COs Sugar 
Fluid Urine Specific Reac- Albu- NHs Van Tension : . Excret 
- ~ 


Intake in C.c., Gravity tion mip Gm Slyke in he 4 
in C.¢. 12 Hr. Mm. Hg Gm. Reduct 


(Hem 
44.56 











’rotein Fat r ‘ t Blood Blood 
Intake, Intake, n be Sugar, Pres 
Gm Gm 


sure 








TABLE 


Amt. CO: 
Piuid Urine Specific Reac Albu- NHs Van Tension 
Intake in C.c., Gravity tion mip Gm. Slyke P. H. in 
in C.c. 12 Hr. Mm. Hg 


1.020 
1.010 
1.015 
1.017 
1.020 
1.012 
1.010 
1.015 
1.010 
1.018 
1.011 
1.013 
1.010 


1.016 
1.016 
1.014 
1.011 
1.018 
1.015 
1.010 Alk. 
2,700 ’ 1.012 Alk 
9-10 2,600 1.007 Acid 
10-11 2,400 Pri 1.015 Alk 


11-12 1,700 3,100 1.011 Alk 


* Two determinations made. Acetone and diacetic acid absent throughout. No alcohol wi 
ment absent from urine. 


SUMMARY 
A mild case of diabetes of six years’ duration in which the patient 
was given unrestricted chlorids. No edema developed and a gradual 
loss of 8 pounds occurred. The tolerance was reached on 135 gm. of 
carbohydrate. The highest chlorid intake in one day was 31 gm. 
Table 2 presents data relating to metabolism and acidosis. Chart 2 
shows the glycosuria and weight in relation to the salt and fluid balance 
Case 3.—L. V. F. (10541). aged 38, born in the United States; occupation 


chauffeur: weight. 53.3 kg.: height, 165.1 cm.; admitted Jan. 30, 1917: dis- 
charged Feb. 23, 1917. 





Case 1—(Continued) 


rotal Calories 

Sugar C. H. Protein Calorie per Weight, Blood Blood 
Exe., Intake, Intake, Intake Body Kg + Sugar, Pres 
Gm Gm. Gm. Weight ‘ 


Pulse 


c sure 


Family and past history are negative 


Present Illness—This began gradually, one year prior to admission, witl 


progressive loss of weight, pain in the legs and polyuria. Later polyphagia 


and polydipsia appeared. One month previous to admission a diagnosis of 
glycosuria and diabetes was made The patient’s diet has been moderately 
restricted since that time. There have been no symptoms suggesting threatened 
coma. His highest weight three years before admission was 150 pounds. One 
year before admission he weighed 125 pounds 

Physical Examination—A well developed and fairly nourished young man 
There is slight cyanosis of the lips and some internal strabismus, which he 
says “has been present since childhood.” Otherwise the physical findings ar: 
negative. 

Phenolsulphonephthalein excretion, Feb. 2, 1917: first hour, 34 
second hour, 15 per cent.: total, 49 per cent 
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SUMMARY 

This case has been recorded because of the severity of the acidosis 
and glycosuria. The patient left the hospital before his tolerance was 
established. The dextrose-nitrogen ratio is of little value, since he 
received some carbohydrates in the form of milk on the fifth and sixth 
days. Table 3 records his metabolism and acidosis studies. It will be 
noted ( Table 3) that he was allowed unrestricted chlorid and took as 
high as 47 gm. in twenty-four hours. He gained 9.5 pounds during 
his first week after admission. During this period the chlorid intake 
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Chart 1.—Curves showing glycosuria and weight in relation to the salt and 
fluid balance in Case 1. 


was 136.14 gm., and his elimination 122.16., showing a retention of 
13.98 gm. At the same time his fluid intake was 22,483 c.c., and his 
output 20,550 c.c., with a urinary retention of 1,933 c.c. The next 
seven days showed an increased dextrose elimination while on a pro- 
tein and fat diet. At the same time his chlorid intake fell and his 
chlorid excretion was greater than his ingestion. During this period 
he excreted 211.82 gm. and the intake was 60.55 gm., or a difference 
of 151.27 gm. His fluid balance showed an intake of 28,045 c.c. and 
an output of 26,400, with a urinary retention of 1,645 c.c. (probably 
excreted through skin and lungs). He lost 7.5 pounds during this 
period. The glycosuria shows a definite increase and the sugar curve 
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corresponds to the chlorid elimination. Otherwise the chart (Chart 3) 
does not show anything of interest. Edema was present after the 
second day of admission being most marked during the first week 


Case 4.—S. E. (10431), aged 18 years, single, born in the United States: 
occupation, farmer; weight 49.2 kg.; height 160 cm. His first admission to this 
hospital was in 1915. He became sugar-free on a moderately restricted diet 
The carbohydrate tolerance was not determined 

Present admission, Jan. 17, 1917; discharged Feb. 16, 1917 

Family and past history negative. 

Present Illness—Two years ago (April, 1915) the patient developed painful 
urination and considerable frequency Some polyuria appeared. The com- 
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Chart 2—Curves showing glycosuria and weight in relation 
fluid balance in Case 2. 





bination was so severe that he suffered considerably from insomnia. Late: 
polydipsia and polyphagia developed. Four months later a carbuncle was 
opened on the back of his neck and on reporting to his physician, diabetes 
was discovered. At this time severe headache with some nausea and vomiting 
occurred. These symptoms had disappeared at the time of his first discharge 
from the hospital. During the last few weeks symptoms of acidosis witl 
threatened coma have again developed. His father said: “He has had con- 
siderable headache, nausea, and vomiting, diarrhea and drowsiness during the 
last two weeks. He has lost 20 pounds in the last two years; none recently.” 

Physical Examination.—A well developed and fairly well nourished young 
man; very drowsy and aroused with difficulty; mucous membrane slightly 
cyanotic; otherwise physical examination is negative 

Phenolsulphonephthalein excretion, Jan. 17, 1917: first hour (500 c.c.), 7 
cent.; second hour, 30 per cent. 





TABLE 2.—Dara 








Amt COs 
Fluid Urine Specific Reac- N Tension in Sod 


Intake in C.c., Gravity tion* im. A Mm. Hg Bic., 
H. ‘ 


in C.c. 12 Hr. Gm 


1.006 

1.009 

1.010 

1.009 

1.010 

1.010 

1.009 

1.000 

1,008 Alk. 

1.010 Alk. 

1.010 Alk. 

1.011 Alk. 

1.006 Alk. 
3,910 1.000 Alk. 
3,525 ' 1,007 Alk. 

1.011 Acid 

1.006 Neg. 


1.011 Acid 


* January 27-28, acetone +; diacetic acid doubtful; otherwise negative throughout; album 
January 28-29; sediment absent; no alcohol given 


SUMMARY 


This patient showed symptoms of threatened coma on admission 
The glycosuria decreased from 102 gm. to zero in four days. Asso- 
ciated with this there was a decrease of the acidosis. The carbohydrate 
tolerance was from 35 to 40 gm. He was allowed unrestricted chlorid 
and it will be noted that in the first period he ingested as high as 37 gm 
in twenty-four hours. 

The metabolic and acidosis studies are recorded in Table 4. The 
acidosis studies showed a steady tendency to return to normal and on 


Sugar 
Excret 
~ 


Reduct 








Calories 
oO. H Protein Fat Calorie per Kg. Weight ) Blood Blood Puls 
Intake, Intake, Intake, Intake Body Kg Sugar, Pres 
Gm. Gm. Gm. Weight % sure 


152.33 
79.26 
370.83 
645.66 
865.23 
152.33 
1,050.92 
1,232.02 
1,330.89 
1,508.95 
1,639.49 
1,646.66 
146.02 
1,881.20 
2,105.71 
2,220.40 
525.64 


146.02 


discharge a normal acid-base equilibrium was present. Chart 4 records 
the usual curves of glycosuria and weight in relation to chlorid and 
fluid balances. During Period 1 the chlorid intake was 143 gm. and his 


output 84 gm., showing a retention of 58.3 gm. of sodium chlorid 


The fluid chart records an intake of 26,009 c.c. and an output of 
15,270 c.c. There was a retention of 10,739 c.c., or a daily retention 
of 1,789 c.c. During this period there was an increase of 13 pounds in 
weight with considerable edema of the ankles 

During the ten days after glycosuria disappeared the weight 
gradually decreased to the level present on admission. He excreted 
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214 gm. of sodium chlorid while the chlorid intake was only 72.8 gm 
—a loss of 141.2 gm. The fluid ingested was 34,155 c.c., and the 
excretion 27,750 c.c.—a retention of 6,405 cc. There was a daily 
retention of 640 c.c. Glycosuria did not occur with the chlorid excre- 


tion as in Case 3. The second period of sugar excretion occurred at 


the time his tolerance was reached. Following this period he again 


ingested a large amount of chlorids, which he retained (Section 3, 


Chart 4). Later a slight gain in weight occurred. At this time a third 
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Chart 3—Curves showing findings in Case 3, a definite increase 
sugar curve corresponding to the chlorid elimination. 


period of glycosuria developed and simultaneously the retained chlorids 
were excreted. 


During the second period the carbohydrate tolerance occurred on 
49.38 gm. At this time there was edema and a gradual loss of weight. 
After he had returned to his admission weight and the edema had 
disappeared, the tolerance was 37.48 gm. of carbohydrate. This is the 


only case showing an increased carbohydrate tolerance in the group of 


A i a an A 


unrestricted chlorids. 
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Case 5.—Mrs. L. H. (10927), aged 26, born in the United States cupatior 
housewife; weight 37.9 kg.; height 136 cm.; admitted March 27, 1917: discharged 
April 29, 1917. Maternal grandfather had diabetes; died at age of 87. Other 
wise the family and past history are negative 


Present Iliness—One year prior to admission the patient developed weak- 
ness and gradually lost 60 pounds in weight. At that time she was pregnant 
The child now is 10 months old and doing nicely There has been excessive 
polyuria, polydipsia, and polyphagia; has been on a modified Allen treatment 
for nine months, but glycosuria has persisted. Tolerance has never been deter 
mined. Amenorrhea has existed for seven months, with considerable pain in 
back and legs 

Physical Examination A poorly developed and undernourished young 
woman ; slight general adenopathy; lungs show some impairment ight apex 
slightly more than physiologic; no rales made out on repeated examination, but 
expiration is prolonged; liver dulness begins at the fourth rib and is lost 1 cm 
below the costal margin, where a smooth edge is felt. Both kidneys are palpable 

Phenolsulphonephthalein excretion: first hour, 34 per cent.; second hour 
12 per cent.; total, 46 per cent. 

AL ™ io 
WD: Wi 


. 








Chart 4—Curves showin 
fluid balances in Case 4 ° 
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SUM MAR\ 

Mrs. L. H. was the only patient showing increase of weight o1 
sodium bicarbonate ingestion. Table 5 records the metabolic and 
acidosis studies. Chart 5 records the glycosuria and weight in relation 
to chlorid and fluid balances. It will be noted that during the period 
of sodium bicarbonate administration the chlorids were restricted 


During this period there was a gain of 10 pounds in weight. At vari 
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730 


Date 
1917 


Feb 


* Alb 


P 


Ss 


Fluid 
Intake 
in C.e. 


2,000 


4,300 


5,065 


4,615 
3,800 


3,580 


3,900 
5,150 
3,100 
1,600 
2,050 
8,400 
6,000 
4,800 
5,700 
6,100 
6,100 
5,200 
5,350 
4,250 


4,710 


P 


Amt. 
Urine 
in C.c., 
12 Hr 


3,100 


’,700 


4,000 
4,100 
5,000 
3,600 
3,200 
2,600 
3,000 
3,700 
5,400 
5,300 
4,200 
5,400 
5,000 
4,000 
4,700 


3,100 


8p. 
Gr. 


1.028 


1.034 


1.019 


1.018 
1.016 
1.013 
1.013 
1.012 
1.013 
1.020 
1.020 
1.024 
1.016 
1.016 
1.012 
1.009 
1.008 
1.000 
1.008 
1.012 
1.012 
1.006 
1.010 
1.009 


1.009 


2-17 First hour 
Second hour 15% 
Total 


Reac- 


tion 


Acid 


Acid 


Acid 


Alk 

Acid 
Acid 
Acid 
Acid 
Acid 
Acid 
Acid 
Acid 
Acid 
Acid 
Acid 
Acid 
Acid 
Alk. 
Acid 
Acid 
Acid 
Acid 
Acid 
Alk 


Alk 


imin and sediment absent; no 


34% 


49% 





Acid* D.N 
—__—_—— Ratio 
A. 
1,226 
Mgm. 
1,263.6 
Mgm 
+ + 
1,682.0 
Mem 
+ 0 
Ir. + 
Ir + 
Tr. + 0.953 
+ + 1.10 
++ 2.70 
+ + + 3.26 
+ ++ 
+ 1.14 
Tr. 0 2.10 
Tr 1.00 
+ 0 0.306 
0 o 
Tr. Tr 
0 0 
0 v0 
+ 
oO s 0 
o 0 
, 9 


sleohol used 


NHs 
Gm 


3.19 


?.69 


1.02 


V 


40.43 


40.64 


42.36 


yan 
Slyke 


P.H 


7.35 


7.40 
7.40 


7.40 


7.40 


7.40 


ARCH. 


©O2 

Tension in 

Mm. Hg 

H. M. 
87.36 35 
$2.08 % 
29.8 30 
30.59 80 
34.32 
34.32 85 
38.00 40 
38.7 40 
30.7: 
35.51 
2. 
88.79 

38.79 

40.28 

42.52 

45.51 

42.52 
38.00 

41.08 

42.52 
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TABLE 3.—Data 
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Total Calories 

Sugar| C.H. |Protein Fat Caloric per Kg. | Weight, 
Exe., | Intake,| Intake, Intake, Intake Body Kg 
Gm. Gm Gm. Gm Weight 


ral Diet 


General Diet 


20.14 








TABLE 4.—Data 





Amt. | C02 
Date Fluid | Urine Sp. Reac- | Albu- NHs Van Tension in 
1917 ~=Intake | in C.ce., Gr. tion _- min Gm. Slyke Mm. Hg 
in C.c. | 12 Hr. | H. M. 


Gran. 

1,730 ++ | : casts 
Gran. 

3,250 | casts 
| Gran. 

2,300 | casts 


0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


9-10 

10-11 

11-12 2,7 
12-13 1,600(? 
13-14 2,650 2,150 
14-15 2,500 3,200 
15-16 4,850 2,200 


* No alcohol given. 
P. 8S. P. 1-17-17 First hour [500 c.c.) 
Second hour 








Total ( ries 
Sugar C.H. Protein Fat Caloric per Kg 
Exe., Intake, Intake, Intake, Intake 

Gm Gm. Gm. Gu 
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ous times glycosuria developed. As shown in the first section of the 
chart the tolerance was reached on 53 gm. of carbohydrate. The 
second section shows glycosuria occurring on 70 gm. of carbohydrate 
Section 3 is of little importance because of the short period. On dis- 
continuing the bicarbonate, unrestricted chlorids were allowed (Sec- 
tion 4). Glycosuria now occurred, first on 55, and later on 49 gm. 
of carbohydrate. This is the only case in the bicarbonate group show- 
ing an increased tolerance. Here, as in the former case, the tolerance 
varied with an increase of weight and the development of edema. At 
that time the reaction of the blood was normal and the glycosuria was 
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Chart 5.—Curves showing the glycosuria and weight in relation to salt and 
fluid balance in Case 5. 


not considered to be the result of the withdrawal of sodium bicar- 
bonate. 

As shown in Sections 1, 2 and 3, there was a total of 74.2 gm. of 
chlorids excreted and 72.5 intake, giving a loss of 1.79 gm. During 
this time the fluid intake and output balanced remarkably. As shown 
in Section 2, during the greatest gain in weight, there were 40.45 gm. 
of salt taken in the diet and 10.65 gm. excreted, showing a retention 
of 29.80 gm. At this time the fluid intake was 19,743 c.c. and the 
excretion, 16,420 c.c. — a low retention of 3,323 c.c. (475 c.c. per day). 
During the time shown in Section 4 the chlorids were unrestricted and 
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the highest daily intake was 18 gm. The total chlorids ingested were 
201.77 gm. and the total excreted were 154.3 gm., giving a retention 
of 47.47 gm. At this time 32,040 cc. of fluid were ingested and 
31,015 c.c. excreted with a retention of 1,025 cc. It will be noted 
that, although the patient retained chlorids, she continued to lose 
weight, and edema gradually disappeared. The loss in weight cannot 
be accounted for in the fluid balance. The fluid retention is over 
balanced by loss from lungs and skin. 

\s shown in Section 1, she was able to maintain her weight, 
although a low caloric diet was given. In the second period, a period 
of high caloric intake, she gained markedly in weight. In Section 4 
it is shown that with the coloric intake per kilogram of body weight 


slightly decreased, she lost weight rapidly. 


DISCUSSION 


It is of interest to note the age of the patient developing edema. 
Edema occurred in the young individuals. If the edema had been due 
to kidney irritation we could have imagined the older individuals more 
readily showing an increase of weight. Cases 1 and 2, patients with- 
out edema, were aged 63 and 50 years, respectively. In the series of 
twenty-five cases only two patients showed kidney impairment by the 
usual studies available, and, although allowed unrestricted chlorids, 
they did not show any edema. The three patients in whom edema 


appeared were between 18 and 36 years, and had had the disease from 


one to two years. There were other patients showing no edema who 
had had the disease only a few months, with a constant loss in weight 
This is true in children, of which there were five, varying between 
5 and 14 years. 

This report would have been of greater value if the patients could 
have been studied in the calorimeter; nevertheless, there are a few 
interesting results to be mentioned. The relation between glycosuria 
and retention of fluids is not constant. Only Case 4 showed any 
marked retention of fluid. The apparent slight retention in the other 
cases could be accounted for by loss of fluid through the other routes 
available. None of the patients developed diarrhea, but the skin and 
respiratory loss could not be recorded. In Case 3 glycosuria developed 
during the period of edema and gain in weight. In Cases 4 and 5 
glycosuria did occur, but appeared only as the tolerance was reached 
The charts do not show any consistent retention of carbohydrate due 
to the retention of fluids. During the period of loss of weight, it 
might have been expected that glycosuria would occur as the patient 
lost edema. Glycosuria did occur, but in each case the tolerance had 


been reached. 





Date Fluid 


1917 Intake 


in Cu 

March 

28-2 
29-30 8S 
)-31 9 
1-1 ? 069 

April 
l 700 
860 
3-4 10 
‘ 
rth 2,410 
6-7 3,210 
78 2.660 
8.0 3.520 
1 148 
10-11 5,005 
11-12 920 
12-1 3,420 


13-14 ?,610 


1+1 is 
lt , 460 
16-17 45 
17-18 ‘ 
18-] 110 
1 J 1.860 
0 2” 
l 120 
2 3,180 
‘ 3,400 
+ 500 
' 0 
6.97 -00 


P.S.P 


Amt. 
Urine 
in ©.¢., 


12 Hr. 


700 
1,600 
1,800 


2.170 


2,200 
2,000 
2,240 


2,000 


2,680 
2.420 


3,040 


3,400 
3,050 
8,075 
3,400 
4,000 


3.700 


3,400 


2.000 


First hour 
Second hour 


1.028 
1.012 
1.010 


1.007 


1.006 


1.010 
1.005 
1.009 
1.010 
1.006 
1.000 
1.010 
1.014 
1.010 
1.011 
1.011 
1.014 


1.015 


12 


46° 
* Two determinations made. 
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Alk. 
Alk. 


Alk. 


Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk 


Alk 
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—_ --——— mip 
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TABLE 6.—Uric Acip, Urea N., CrEATIN AND DIASTASE IN 
THE Cases TABULATED 
Case 1 Case 2 
Date Urea N. Creatin Diastase Date Urie Acid Urea N. Creatin 
3/14/17 14.50 4.20 25.8 1/30/17 3.5 17.68 8.25 
8/19/17 16.87 3.35 enn 2/ 9/17 wee 13.25 3.20 
3/23/17 india 4.80 een 2/19/17 — gees 3.70 
4/ 3/17 ste 2.40 25.8 
4/ 5/17 soe 4.30 
4/12/17 - 2.70 27.3 
4/17/17 west 3.60 
4/20/17 11.13 1.85 
Case 8 Case 4 Case 5 
Date | Urea N. | Creatin Date Urea N. Creatin Date Urea s.| Creatin | piastase 
| | 
sk = Ea 
2/ 8/17 11.13 5.44 1/16/17 10.62 3.60 3/29/17 eeee eebn 
| 
2/ 9/17 - 5.35 1/22/17 12.35 3.65 8/30/17 11.62 | 5.00 
2/10/17 nai 6.00 1/90/17 roe 2.05 4/ 3/17 — 
2/13/17 8.38 5.40 2/ 5/17 sene 3.65 4/ 5/17 19.75 4.70 
2/15/17 _— 6.00 2/ 6/17 10.78 3.55 4/ 9/17 wae 3.10 
2/16/17 coos 4.80 2/ 8/17 10.78 3.85 4/12/17 18.50 3.25 75.9 
2/20/17 9.50 3.7 | 2en7 | 10.78 | 260 | af7ny |... | 285 | 
2/23/17 10.00 5.40 4/20/17 pail 2.20 | 
| 
4/27/17 woes | 8.95 46.80 








These studies do not allow deduction to be made in regard to 
utilization of carbohydrate during the period of gain in weight. It 
would be of interest to determine by calorimeter studies whether there 
was merely carbohydrate retention or better utilization of carbohy- 
drates. From the above deductions in relation to glycosuria, it might 
be expected that glycosuria would develop during the loss of weight 
if the carbohydrate had been merely retained. The results, however, 
suggest that a better utilization occurred. 

Case 3 was not under observation for sufficient time to determine 
whether there was a change in carbohydrate tolerance. Cases 4 and 
5 did show a consistent increase of tolerance during the increase of 
weight. This was later decreased as the edema was lost. We were 
unable to state definitely that the sodium bicarbonate, by changing the 
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acid-base equilibrium, was the responsible cause of this increase 


Case 5 does show an increased carbohydrate tolerance during the 
period of bicarbonate ingestion similar to the results reported by 
Underhill,?* but we have Case 4 in contrast, which showed this con 
dition, although no bicarbonate was given. If such had been the case 
we would have expected Case 1 to have shown the same result as well 
as the other cases in this series. No edema occurred and the tolerance 


remained stationary on both bicarbonate and chlorid ingestion 


CONCLUSIONS 


1. The large amounts of chlorid that diabetic patients will ingest 
in twenty-four hours is of interest 

2. Increase of weight on unrestricted chlorids is invariably ass¢ 
ciated with their retention. The edema usually disappears following 
the disappearance of glycosuria. 

3. Soda bicarbonate administration has no constant influence on 
carbohydrate tolerance in diabetes 

4. Cases 4 and 5 show a variation in carbohydrate tolerance, 
directly in proportion to change in weight, irrespective of whether it 


is due to chlorid or bicarbonate ingestion 


I am greatly indebted to Miss Gertrude Thomas, the hospital dietitian, and 
to Miss Winifred Swift for technical assistance 
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On account of the clinical value of digitalis, the uncertainties in the 
results and untoward effects after administration have long been the 
subject of study, especially with a view toward their control or elim- 
ination. The attempts to secure derivatives, particularly of definite 
and uniform activity, are too numerous to discuss here. The fact that 
the tincture and the infusion are still more widely used than other 
preparations shows that the derivatives have not satisfied the demand 
of physicians. Our attempt has been to study these two preparations 
in such a manner as to control results of therapy by graphic methods, 
to learn so far as possible the promptitude with which effects can be 










secured, and the character of such effects. 
; All digitalis preparations used by us have been standardized accord- 
ing to a modification of the cat method of Hatcher. In relation to 
: digitalis dosage Eggleston’ defines the “cat unit” of Hatcher as that 
: amount of the drug calculated per kilogram of cat which is just suffi- 
; cient to kill when slowly and continuously injected into the vein. This 
is expressed in terms of milligrams of the drug, whether it be in the 
pure principle or leaf. The method employed by one of us ( Morris)? 
in standardizing the digitalis preparations is a modification of the 
Hatcher method similar to that used by Rowntree and Macht.’ Vari- 
ous species of Minnesota digitalis, grown by the Department of Phar- 
macy of the University of Minnesota, were used. 

The species /utea attracted particular attention, as the first year 
leaf, grown in Minnesota, ranks in potency with the higher grades of 
Digitalis purpurea. In testing Digitalis lutea on cats, Morris noticed 
the lack of irritation and the quiet lethal period, and suggested the use 
of Digitalis lutea in man with the hope of finding a preparation causing 
less than the usual so-called “gastro-intestinal” irritation. As a result 













*Submitted for publication Jan. 2, 1918. 

*From the Department of Medicine, University of Minnesota. 

* Read before the Section on Pharmacology and Therapeutics at the Sixty- 
Eight Annual Session of the American Medical Association, New York, 
June, 1917. 

1. Eggleston: Digitalis Dosage, Tue Arcuives Int. Mep., 1915, 16, 1. 

2. Morris: Journal-Lancet, 1917, 36. 

3. Rowntree and Macht: Jour. Am. Med. Assn., 1916, 66, 870. 
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of this suggestion we have studied the action both of the infusion and 
tincture of Digitalis lutea clinically in the wards of the University 
Hospital. The official tincture and infusion of Digitalis purpurea and 
the corresponding preparations from first-year leaves of Digitalis lutea, 
both prepared by the Department of Pharmacy, University of Minne- 
sota, have been used. The drugs have been given by one of three 
methods. 

1. The method proposed by Eggleston. The strength of the prep- 
‘cat units” and from this the dose 


‘ 


aration to be used is determined in 
for man is calculated. The average amount of tincture administered 
orally required to produce full therapeutic effect (or minor toxic 
action) and given as above outlined, by the Eggleston method, is about 
0.146 c.c. per pound of patient’s body weight. (Example: Patient 
weighs 130 pounds; this multiplied by 0.146 equals 18.98 c.c. Since 
the infusion is correspondingly weaker in strength, for the infusion 
give six and two-thirds times this quantity or 126.5 c.c.) The amount 
thus determined on is given in four doses within a period of eighteen 
hours by the following formula: The first dose is one-half the tetal 
amount to be given; the second, given six hours later, is one half the 
remainder ; and the third and fourth doses, given at six hour intervals, 
are one half the second dose in amount. 

2. The method of Eggleston is followed immediately, or after one 
or two days, by what may be called tonic doses of infusion or tincture, 
given three or four times daily over a period of days or even weeks 
These doses are usually 0.6 to 1 c.c of the tincture, and 4 to 8 c.c. of 
the infusion. 

3. The tincture or infusion is given in these so-called tonic doses 
without the previous administration of the larger Eggleston doses 

The results of the Eggleston method with or without the later 
administration of digitalis are of such a character as to warrant report 
In our studies attention is centered on the records obtained with the 


polygraph and electrocardiograph, correlated with records and notes of 


clinical observation. 

The value of these methods of study should be outlined: The 
polygraph when used in conjunction with the electrocardiograph, as 
in this study, is principally of value in giving a record of rate and 
rhythm of arterial and venous pulsations. The character of waves 
recorded by this method is of less value, but even here, since changes 
in the amplitude, sometimes striking in character, are seen, thes¢ 
changes in amplitude have some value since all records here shown are 
taken by the same observer with the same instrument.‘ 


4. Morris’ Modifications of the MacKenzie Ink Polygraph, Jour 
Assn., 1916, 66, 1922 
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The electrocardiograph gives a record with certain features to 
which particular attention is paid at this time. Changes in rate and 
rhythm are noted as with the polygraph. Conduction time, designated 
P-R (or when a Q-wave is present P-Q) interval, is measured princi- 
pally in records taken from right arm to left leg (D II). 

Changes in conductivity in the junctional tissues (bundle of His 
and its branches) may occur. In cases with auricular fibrillation it is 
desirable to depress conductivity, this in all probability being the cause 
of the slowed ventricular rate and remarkable effects during effective 
digitalis therapy. 

In the normal nonfibrillating case, slowing by digitalis is due to 
vagus influences which depress stimulus formation at the sinus node. 
In such cases digitalis may also depress conductivity in the junctional 
tissues, through both a direct and a vagus action, and this may be 
shown in two ways: 

1. A prolongation of conduction time (P-R or P-Q interval). 
This prolongation may be considerable, as much as 0.25 second, prob- 
ably even more, before actual blocking of impulses is likely to occur. 
When a prolongation of conduction time beyond 0.2 second is found 
before administering digitalis, the drug must be used very cautiously, 
if at all, and then only in the presence of very distinct indications. 
When a normal conduction time (less than 0.2 second) before giving 
digitalis, gives way to a prolongation after digitalis, the same caution 
should be observed. In both instances the electrocardiogram provides 
the best if not the only effective means of study and control. 

2. Partial or complete block. (Auriculoventricular disassociation. ) 
If depression in conductivity with increase in conduction time becomes 
too great, slowing because of missed beats, or of an idioventricular 
rhythm, occurs. This cannot aid cardiac action, and should be rigidly 
guarded against wherever possible. The well known effect of atropin 
in removing a digitalis block is evanescent and requires too much of 
the drug to be a comfortable safeguard. 

A still further effect of digitalis on the heart is the production of 
extrasystoles through increase of irritability in the myocardium, par- 
ticularly of the ventricles. When this occurs the well known paired 
beats may be seen, each pair due to a contraction of the normal supra- 
ventricular type, followed by a ventricular extrasystole, and this by a 
compensatory pause. Extrasystoles often occur before digitalis is 
given, but when so frequent as to give paired beats, a digitalis influence 
is probable, and when pairing occurs in a case of auricular fibrillation, 
is certain. 

It has been established by many observers that in the electrocardio- 
gram the normal ventricular complex (Q, R, S, and T waves) remains 
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constant in outline in any healthy person. This is true also for indi 
viduals with diseased hearts in whom the condition of the heart 
remains unchanged. Unless alterations occur in the heart, the ventric- 
ular complex for any individual remains unchanged through life. So 
true is this that where repeated tracings from one individual have been 
taken, identification may often be made from an electrocardiogram 
Comparison of the electrocardiograms taken from the same indi 
vidual when free from digitalis effects and when under the influence of 
digitalis may show changes in conduction time and in outline of the 
complexes, as well as change in the rate and rhythm. Lewis’ says 
The duration of the normal P-R interval as measured in Lead II may vary 
from 0.13 to 0.21 second. It usually lies between 0.13 and 0.16 second. A P-R 
interval of 0.16 second and accompanying heart rates of 90 and over is probably 
of pathologic duration. A P-R interval of 0.20 second and over is probably of 


pathologic duration in all but exceptional instances, whatever the heart rate may 
be which it accompanies 


Referring to the T-wave, Lewis® says: 


T is always an upward variation in Lead II. It may show partial inversion 
in Lead I on rare occasions; partial or complete inversion in Lead III is rela- 
tively common, and occurs especially in association with splintering of the curves 
during the opening phases of ventricular systole 

The most valuable and extensive contribution on the modifications 
in the electrocardiogram produced by digitalis is by Cohn, Fraser and 
Jamieson.* They assert that in curves of patients under treatment 
with digitalis, alterations in the T waves of the electrocardiograms 
occurred in a large number (thirty times in thirty-four patients), and 
that the change was detected before alteration in rhythm or conduction 
time had occurred and before symptoms referable to the gastro-intes- 
tinal tract disturbed the patients (except in five instances). Other 
changes in the ventricular complex were noted. They say that an 
alteration in the curve may be taken as evidence that the influence of 
digitalis is being exerted on the heart, and that changes in the T-waves 
were detected after an equivalent of 1.2 gm. or even less of the dried 
leaves of digitalis were given; that is to say, on the third day of admin- 
istration ; on several occasions they show the altered forms after thirty- 
six to forty-eight hours 

Clinical observation comprises a study of features familiar to all 


Eggleston’ describes the principal points in clinical improvement as 


t 
slowing in pulse and respiration rates, the more or less rapid subsidence 


of dyspnea, orthopnea, and persistent cough, and clearing of lung 
bases ; in fibrillation, decrease in pulse deficit, the clearing of congested 
liver and splanchnic region with loss of pulsation and tenderness, and 


5. Lewis: Philosoph Trans., Royal Soc., London, Series B. 1912. 202. 
6. Cohn, Fraser and Jamieson: Jour. Exper. Med., 1915, 24, 593 
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diminution in size; the diminution in cyanosis, improvement of cold 
extremities, the disappearance of edema and increase in urinary output. 

In cases of auricular fibrillation records are shown of simultaneous 
apical and radial rates, illustrating the so-called pulse deficit and the 
changes in the rate and deficit under digitalis. 
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Fig. 1—(Case 1.) Polygrams, Feb. 29, 1916, from right radial (R R) right 
jugular (R J) and right Carotid (RC). Radial pulse almost imperceptible but 
shows expiratory filling and expiratory collapse. Carotid shows large, and 
jugular, enormous, waves, total arrhythmia. March 1, March 2 and March 3, 
1916, show successive increase in radial, and decrease in jugular pulse waves, 
with distinct effect within twenty-four hours. 


REPORT OF CASES 


Case 1—B. M., woman, aged 32 (Hosp. No. 8143), was admitted Feb. 28, 1916. 

Clinical diagnoses: (1) chronic valvular disease of heart and mitral regurgi- 
tation; (2) chronic myocardial degeneration with decompensation; (3) auricular 
fibrillation; (4) passive congestion of viscera; (5) ascites and anasarca. 

Weight not determined on admission; a very small woman estimated to weigh 
about 120 pounds, with tremendous amounts of flyid in tissues and peritoneum. 

Digitalis was given as follows: 

Feb. 29, 1916. Infusion digitalis 45 c.c. 
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March 1, 1916. Infusion digitalis 15 c.c. (total 60 c.c. in eighteen hours 
half Eggleston dosage given because of fluid) 

March 2, 1916. Infusion digitalis 75 cx 

March 3, 1916. Infusion digitalis 15 c.c. (total 90 cc. in eighteen hours: 
three-fourths Eggleston dosage, following half Eggleston sage of preceding 
two days). 


Fig. 2—(Case 1.) Feb. 29, 1916, auricular fibrillation, pulse rate 170, total 
T-wave positive in D I and D II, slightly inverted in D III, but 
because of the deflections of galvanometer string due 


arrhythmia. 
varies in outline probably 
to the auricular fibrillation. 

Then 45 c.c. infusion were given daily except for short periods following 
toxic symptoms. 

Polygrams Feb. 29, 1916; March 1, 1916; March 2, 1916, and March 3, 1916 
(Fig. 1), show total arrhythmia (auricular fibrillation) and marked improvement 
in radial pulse, with lessening of excessive pulsation in jugulars and carotids 
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Feb. 29, 1916. Electrocardiogram (Fig. 2) (before digitalis was given). 
T positive in D I and D II, inverted in D III. Pulse rate average 170. Auricular 
fibrillation. 

March 1, 1916. Electrocardiogram (Fig. 3). T positive in D I and inverted 
in D II and III. Pulse rate 155. (General condition considerably improved.) 





Fig. 3.—(Case 1.) March 1, 1916, auricular fibrillation continues, pulse rate 
155. T-wave positive in D I and inverted in D II and D III 


March 2, 1916. Electrocardiogram (Fig. 4). Tracings similar to March 1, 


1916. Pulse rate average, 130. (Patient shows marked improvement clinically.) 
March 8, 1916. Electrocardiogram (Fig. 5). T shows distinct inversion in 
DI1,D I. and DIII. Pulse rate average 90. 
In this case, one of auricular fibrillation with alarming decompensa- 
tion, the digitalis effect was very apparent in less than twenty-four 
hours, and within forty-eight hours after beginning the drug, the 
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patient was feeling so much better that she wanted to get up and about. 
The change in the T-wave is only moderate in degree and develops 
rather slowly, although it is apparent within twenty-four hours after 


beginning digitalis therapy. The reduction in pulse rate, probably 


through blocking the less effective impulses through the bundle of His, 
is striking. 


Fig. 4.—(Case 1.) March 2, 1916, tracing shows pulse irregular, rate averag- 
ing 130, with T-wave showing little if any change from previous day. 


An intercurrent erysipelas of the thigh developed March 12, sub- 
siding within ten days. 

Later, after prolonged rest and digitalis therapy, the patient devel- 
oped regular pulse with P-waves shown in electrocardiograms. This 
occurred after at least six months of auricular fibrillation. Later, the 
patient developed pericarditis and died Oct. 14, 1916, seven and one- 
half months after this study. 
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Necropsy diagnoses: 1. Advanced chronic and acute serofibrino 


hemorrhagic pericarditis. 2. Acute myocarditis (myomalacia cordis) 






3. Dilatation of heart. 4. Chronic passive congestion of liver, spleen 





and kidneys. 5. Mild acute parenchymatous nephritis 












Fig. 5.—(Case 1.) March 8, 1917, marked slowing, rate 90, irregular, with 
the small deflections and auricular fibrillation. T-wave inverted in D I. D II 
and D III. 


Case 2.—F. F., man, aged 30 (Hosp. No. 8669). 

Clinical diagnoses: (1) mitral and aortic insufficiency; (2) exophthalmic 
goiter; (3) auricular fibrillation; (4) chronic amygdalitis; (5) alveolar 
abscesses ; pyorrhea alveolaris. 

Digitalis was given as follows 

May 10, 1916. Infusion digitalis 142.5 c.c. (4% ounces). 

May 11, 1916. Infusion digitalis 52.5 c.c. (1% ounces). 

(The foregoing constituting for this patient the calculated “Eggleston 
dosage.” ) 





May 15, 1916. Infusion digitalis 187.5 

May 31, 1916. Infusion digitalis 60 c. 

June 1, 1916. Infusion digitalis 60 c. ! 

May 10, 1916, and May 11, 1916 (Fig. 6), four polygrams showing marked 
improvement in rate and character of pulse; May 10 shows rate 163 per minute; 
May 11 shows rate 98 per minute; total arrhythmia, due to auricular fibrillation 

May 14, 1916; May 15, 1916, and May 16, 1916 (Fig. 7), five polygran how 
total arrhythmia. The two lower tracings, which are continuous, show onset and 
offset of a period of “paired” beats which developed next day, May 16, 1916 
after the second Eggleston dose 

May 17, 1916. Electrocardiogram (Fig. 8) Auricular fibrillation. T iso 
electric in D I, negative 1 mm. in D I] Paired beats, each pair consisting of 
a normal supraventricular type of complex followed by a ventricular extrasystole. 
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’olygrams, May 10, 1916, right jugular ; 
radial (R R), apex and left radial (L R), and right jugular (R J) and left 
radial (LR) show small radial and large jugular pulsations. Rate 163; total 
arrhythmia, due to auricular fibrillation. May 11, 1916, shows marked lessening 
of jugular and increase in radial pulse wave, with development of pulsus celer 
type of wave. Total arrhythmia; rate 98 


June 21, 1916. Electrocardiogram (Fig. 9 (Ne 
Auricular fibrillation. Rate increased to 120 per minut 
D II, slightly negative, then positive in D III 

July 12, 1916. Electrocardiogram (Fig. 10) (no digitalis 
Auricular fibrillation ; ventricular rate 153 per minute; T a disti 


nD I, DII and D III. 

In this patient, the pulse rate showed a deficit, between apica 
radial, varying from 8 beats to 36 per minute. May 15, after the 
second Eggleston dosage, the apical rate, which had been between 118 


and 140, dropped to 104 within twelve hours and remained at or below 
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this point for thirty-six hours longer, gradually rising again to a maxi- 
mum of 154 on May 19. Marked clinical improvement with increase 
of urinary output while on a constant diet and fluid intake accompanied 
the slowing of rate, as shown by totals of twenty-four hour urines as 
follows: 


May 12, 250 c.c.; May 13, 250 c.c.; May 14, 300 c.c.; May 15, 550 c.c.; May 16, 
425 c.c.; May 17, 400 c.c.; May 18, 325 c.c.; May 19, 200 c.c. 
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Fig. 7—(Case 2.) Polygrams, May 14, 1916, show total arrhythmia; rate 
114. (Apex and left radial, and right jugular and left radial.) May 15, 1916, 
shows same arrhythmia, rate 100 per minute. May 16, 1916, the two lower 
tracings, which are continuous, show the onset and offset of a short period of 
paired beats, every second (smaller) beat an extrasystole. The fundamental 
arrhythmia is apparent even during this period. 





There is not only marked and prompt improvement in this case, 
with the reduction in pulse rate and changes in T-wave within twenty- 
four hours, but after the second Eggleston dose, following the first 
by only four days, the appearance of extrasystoles shows the irritant 
action of digitalis on the ventricles, indicating overdosage. This lasted 
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five days, then disappeared. Fortunately there seemed to be no inter- 
ference with the patient’s clinical improvement. A digitalis effect is 


shown twenty days after the last dose. 
The patient refused to take even ordinary precautions after leaving 
hospital and died suddenly at home about three months later. 


Case 3.—Mrs. J. P., aged 48 (Hosp. No. 10034), was admitted Nov. 17, 1916; 
discharged Jan. 17, 1917. 

Clinical diagnoses: (1) chronic myocarditis with auricular fibrillation; (2) 
aortic and mitral insufficiency; (3) edema of lungs; (4) anasarca; (5) chronic 
amygdalitis 


Fig. 8—(Case 2.) Auricular fibrillation. T is iso-electric in D I, inverted 
in D II (two lower strips). Paired beats, due to regularly recurring ventricular 


extrasystoles. 


Weight, 135 pounds. The patient was given infusion Digitalis lutea Nov. 18. 
1916, and Nov. 19, 1916, 130 c.c., “Eggleston dosage.” 

Nov. 18, 1916. Electrocardiogram (Fig. 11). Auricular fibrillation. T shows 
slight inversion in D I; slight inversion and then positive in D II; slightly posi- 
tive in D III; pulse rate 96. 

Nov. 20, 1916. Electrocardiogram (Fig 12). Auricular fibrillation. Inver- 
sion T-wave in D I and D II; pulse rate 70. 

Nov. 21, 1916. Electrocardiogram (Fig. 13). Auricular fibrillation. T-wave 
shows still greater inversion ; pairing of beats, shown only in D III; pulse rate 55. 

Nov. 24, 1916. Pulse rate 55, and by Dec. 19, 1916, the pulse rate was back 
to 95, at which time the electrocardiographic tracing shows ventricular complex 
free from digitalis influence, with T upright. 
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Within the twenty-four hours following the first dose of Digitahs 
lutea, a tremendous output of urine began, 2,700 c.c. (900 c.c. intake) 
with 1,800 c.c. output (600 c.c. intake) the next day, the output 
remaining more than the intake for eight days, while after this time 


le fied atl aie tah lati adel 


Fig. 9—(Case 2.) (No digitalis for fourteen days) shows fibrillation of 
auricles, with increase in rate of ventricles, and disappearance of paired beats, 
with change in T-wave toward the digitalis-free type. (See Fig. 10.) 


the intake constantly exceeded output. Clinical improvement was 
marked, and began within twenty-four hours after beginning the drug. 


That this patient had had some digitalis before entering the hospital 


cannot be excluded. It is suggested by the rate 96, and by moderate 
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inversion of T-wave before beginning the drug. It was not enough, 
however, and distinct improvement followed effective administration. 
Increased irritability of ventricle, as shown by paired beats (D III, 
Fig. 13), showed not until nearly forty-eight hours after suspending 


the drug. There was no apparent ill effect from it 
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Fig. 10—(Case 2.) (No digitalis for forty-one days.) Ventricular rate 
has increased again almost to the figures before digitalis was used. (Compare 
first tracing in Fig. 6 polygram.) T-wave again distinctly upright, though modi- 


fied frequently by deflections caused by auricular fibrillation. 


Case 4.—Mrs. A. R., aged 39 (Hosp. No. 10881), was admitted March 20, 
1917; discharged May 22, 1917. 

Clinical diagnoses: (1) goiter; (2) chronic valvular disease of heart with 
mitral insufficiency, and decompensation; (3) auricular fibrillation; (4) passive 
congestion of viscera; (5) ascites and anasarca; (6) chronic amygdalitis 

Weight 96 pounds. The patient received tincture Digitalis lutea 14 c.c. in 
eighteen hours (“Eggleston dosage”) March 24, 1917, and March 25, 1917 
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The electrocardiogram shows auricular fibrillation with inversion 
of T-wave and slowing of rate from 130, March 24, 1917, to 80, March 
26, 1917. 

The chart (Fig. 14) shows reduction of pulse deficit, with marked 
reduction of rate as taken at the apex, but little change in rate as taken 
at the radial. The apical rate is permanently below its former level 
within sixteen hours after the first dose. 





Fig. 11—(Case 3.) Auricular fibrillation, pulse rate 96, with inversion of 
first portion of T-wave in D I and D II; suggests some digitalis effect. Note 
increasing inversion after Eggleston method (see Fig. 12). 


A chart (Fig. 15), giving intake and output of fluids with a study 
of sodium chlorid output in urine and stools while on a diet with 
known constant salt intake and a daily purgative dose of Epsom salts, 
shows marked increase in fluid and sodium chlorid output immediately 
following the drug. We are indebted to Dr. Floyd E. Grave, in charge 
of the chemical laboratory, Department of Medicine, for this study. 


The patient showed marked clinical improvement. 
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Case 5.—Mrs. L. M., aged 49 (Hosp. No. 10904), was admitted March 24, 
1917; discharged May 19, 1917. 

Clinical diagnoses: (1) chronic valvular disease of heart with mitral insuffi- 
ciency; (2) myocardial degeneration with auricular fibrillation; (3) hypertrophy 
and dilatation of heart; (4) chronic passive congestion of viscera; (5) infarct 
of lung; (6) ascites; (7) chronic amygdalitis; (8) dental caries 

The patient received infusion Digitalis lutea, 60 c.c. March 24, 1917 (three- 
fourths Eggleston dosage). 
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Fig. 12.—(Case 3.) Fibrillation continues, pulse rate 70, slower within thirty 
six hours, and T-wave shows marked inversion in D I and D II 


Electrocardiographic tracings show inversion of T-wave in twenty 
four hours after administration of digitalis. 

Pulse chart (Fig. 16) shows striking reduction of pulse deficit and 
slowing of both apical and radial rates within eighteen hours after 
beginning digitalis. There was some amelioration of symptoms but no 
decided clinical improvement at first 


Fluid charts could not be made because of a pronounced psychosis 
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Karell diet, complete rest, and digitalis in “tonic” doses, gradually 
brought about improvement, and at the time of leaving the hospital no 
evidences of decompensation could be found. 
Case 6.—G. D. M., man, aged 55 
> 


Clinical diagnoses: (1) simple goiter (large); (2) mitral insufficiency (mild 
(3) myocarditis (moderate grade); (4) paroxysmal auricular flutter 


raqd¢ 





Fig. 13.—(Case 3.) Pulse rate 55. Auricular fibrillation of very coarse type 
[ shows marked inversion. In D III frequent ventricular extrasystoles caus: 


paired beats 


For about eight months the patient had occasional attacks of “palpitation” 
of the heart, coming on usually after dinner in the evening, but occasionally after 
yverexertion. There was no precordial pain. During the attack he became 
somewhat dyspneic and the attacks lasted from a few minutes to one-half hour. 

Digitalis was taken as follows: infusion digitalis, 150 c.c. in twenty-four 
hours (Eggleston method) beginning Sept. 19, 1916, followed by same infusion 
90 c.c. daily until Sept. 23, 1916. 

Sept. 14, 1916. Electrocardiogram (had no digitalis). Tracing taken during 
attack of auricular flutter. Auricular rate 324 per minute; ventricular rate 162 


per minute 
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Fig. 14—(Case 4.) Pulse chart showing rates taken at heart apex (upper 
lines joining circles) and at radial (lower lines joining dots). The deficit 
decreases by reduction in apical rate. The radial rate remains stationary, and 
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Sept. 19, 1916. Electrocardiogram (before beginning digitalis). P-Q interval 
0.15 second in D II. Positive in all derivations. 

Sept. 21, 1916. Electrocardiogram (took infusion digitalis 150 c.c. Sept. 19 
and 20). P-Q interval 0.16 second in D II. Definite flattening of T-waves in 
all derivations. 

The patient appeared at the clinic Sept. 23, 1916, during a paroxysm, undoubt- 
edly of auricular flutter. The pulse rate was 160 and perfectly regular as felt 
at the wrist. He was taken to electrocardiographic station, but by the time the 
apparatus was adjusted the rapid, regular rate had disappeared and been replaced 
by absolute arrhythmia. A polygram taken at 9:45 a. m. shows absolute 
arrhythmia, rate 110 per minute. A polygram taken at 9:55 a. m. shows rate 
130, perfectly regular. A good jugular tracing could not be obtained. A tracing 
taken Sept. 25, 1916, two days later, shows regular rhythm, with good jugular 


waves (normal condition). 











Fig. 15.—(Case 4.) Showing intake of fluids and output of sodium chlorid 
in urine and stools. March 24 and 25, the amount of fluid in stools was not 
accurately measured, but there was no radical error as shown by the amounts 
of sodium chlorid recovered. (Middle chart.) 


Sept. 23, 1916. Electrocardiogram, taken at 9: 40-41-42 a. m., presenting 
auricular fibrillation during subsidence of flutter, shows a rate of 110 with 
absolute arrhythmia. In D I, T is much flattened; T-wave inverted in D II 
and D III. 

Sept. 23, 1916. Electrocardiogram taken at 9: 50-51-52 a. m. shows a normal 
sequence of auricular and ventricular complexes ten minutes after Figure 21 was 
taken. T is flattened in D I, inverted in D II and D III; P-Q interval 0.16 
second in D II; one extrasystole shown in D I. 

Sept. 25, 1916. Electrocardiogram (still taking digitalis in “tonic” doses). 
T is inverted during first portion, then slightly positive in D I; more marked 
inversion of T than formerly in D II and D III. 


This patient had considerable nausea after ten days on infusion of 
digitalis. He was later given Digitalis lutea in larger doses than for- 
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merly, with no nausea. The use of digitalis lessened the frequency 
and shortened the duration of the paroxysms. Later, after thyroid- 
ectomy, the paroxysms remained absent for six months and the patient 
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Fig. 16.—(Case 5.) Pulse chart showing decrease in rate and deficit. with 
prompt digitalis effect in eighteen hours. In this case the deficit, early, some- 


times decreased in part by improvement in character of radial puls¢ 


was able to do full work. This case is reported in greater detail and 
with tracings in a short paper by us on “Paroxysmal <Auricular 
Flutter.” 


Case 7.—John M., man, aged 32 (Hosp. No. 8256), was admitted March 16 
1916; discharged June 15, 1916 
Clinical diagnoses: (1) exophthalmic goiter, a case of moderate severity, wit} 
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enlarged thyroid; (2) nervousness, tremor, weakness, exophthalmos, tachycardia 
with regular pulse, and a blowing systolic murmur (probably functional) over 


the mitral area. 

Weight 165 pounds. The patient was given infusion digitalis May 2, 1916, 
165 c.c. (Eggleston dosage), followed by 90 c.c. May 3. 

May 2, 1916. Electrocardiogram before digitalis was given. The pulse rate 
was 135 per minute while at heart station; when quiet in bed the chart shows 
100 to 105. T positive in D I, D II and D III. 

May 5, 1916. Electrocardiogram. T inverted, then slightly positive in D I; 
inverted and slightly positive in D II; inverted D III. 

May 9, 1916. Electrocardiogram. T inverted and positive in D I; inverted, 
then slightly positive in D II; inverted in D III. 

The pulse rate slowed from 100 and 105 before digitalis to 90 and 
95 after digitalis and remained so for two weeks, then returned to 105 
and 110 per minute, coincident with return of the T-wave to its normal 
upright form. The principal evidence of digitalis effect in this case 
is in the moderate slowing of pulse rate and in the change in T-wave. 
This effect is apparent at least six days after withdrawing the drug. 
No change in conduction time is found. 


Ef ee Swe” ew” 


Cheyne Mores ON ba  eyfiet pee 











— 


Ch yee Meee bella apnsea 
Fig. 17.—(Case 10.) Polygrams May 19, 1916 (before digitalis was given). 
Impossible to get good radial or jugular tracings; pulse barely perceptible with 
finger. Shows period of hyperpnea, and of apnea, respectively, in Cheyne-Stokes 
breathing. (Compare with Fig. 18.) 


Case 8.—Mrs. A. L., aged 26 (Hosp. No. 9861). 

Clinical diagnoses: (1) retroversion of uterus; (2) enlarged thyroid; 
(3) pyorrhea alveolaris. 

Weight, 110 pounds. The patient received infusion Digitalis lutea, 108 c.c. 
(Eggleston method) Nov. 5, 1916, then 3 c.c. daily (min. 45) Nov. 7, 1916, to 
Nov. 27, 1916. 

Nov. 4, 1916. Electrocardiogram. T inverted, then 1.5 mm. positive in D I; 
inverted, then slightly positive in D [I; inverted, then slightly positive in D III. 
Normal P-R interval. 

Nov. 10, 1916. Electrocardiogram. T distinctly flattened in D I and D II, 
inverted in D III. 

Nov. 25, 1916. Electrocardiogram. T inverted 1 mm., then slightly positive 
in D I; inverted 2.55 mm. in D II; inverted 1.55 mm. in D III. Normal P-R 
interval. 

Nov. 29, 1916. Electrocardiogram resembles that of Nov. 25, 1916. 


The pulse rate before giving digitalis showed a maximum of 120, 
minimum of 78, average for three days, 88. An intercurrent diarrhea, 
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November 6, with severe abdominal pain and temperature 99.4 for a 
few hours, was accompanied by pulse rate of 96 to 106; then the rate 
gradually dropped to 72, November 11, and a minimum of 68, Novem- 
ber 19, but was always subject to rise on slight provocation 
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Fig. 18.—(Case 10.) Polygrams May 20, 1916 (compare with Fig. 17), show 
marked improvement in character of radial pulse (which is regular) within 
twenty-four hours after beginning digitalis. May 21, 1916, shows greater 
improvement, and lowest tracing, May 22, 1916, shows auricular waves clearl) 


A distinct sinus arrhythmia was noted in this patient. The only 
indication for digitalis was the rather high rate. The physician refer- 
ring the case suspected hyperthyroidism on this account, but this was 
not confirmed by the staff physician. Marked improvement, probably 
due as much to rest as to drug, occurred. 

Case 9.—J. O. (Hosp. No. 10026), was admitted Nov. 16, 1916. Died Nov. 
30, 1917. 

Clinical diagnoses: (1) carcinoma of stomach with metastatic carcinoma 
liver; (2) ascites; (3) pleural effusion, left; (4) dental caries 
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Weight 185 pounds. The patient was given infusion Digitalis lutea as fol- 
lows: Nov. 17, 1916, 90 c.c. and Nov. 18, 1916, 90 cc. (total 180 c.c. “Eggleston 
dosage”). Nov. 20 to Nov. 22, inclusive, the patient was given tincture Digitalis 
lutea, 3 c.c. daily. November 23 to November 28, inclusive, the patient was given 
tincture Digitalis lutea, 6 c.c. daily. 

Nov. 17, 1916. Electrocardiogram. T shows a small negative wave in all 
leads. P-Q=0.17 second. Pulse rate, average 95. 

Nov. 18, 1916. Electrocardiogram. Slight increase in negativity of T-wave 
P-Q =0.17 second. Pulse rate averages 95. 


Fig. 19—(Case 10.) May 20, 1917. P-R=0.25 second. T-wave inverted in 
D I and D II; slight inversion in D III. Pulse rate 82. 


Nov. 20 and 21, 1916. Electrocardiogram. T shows greater inversion in D I, 
November 20; also in D II, Nov. 21, 1916. P-Q=0.17 second. Pulse rate 
averages 85 

Nov. 22, 1916. Electrocardiogram. P-Q = 0.18 second. More marked inver- 


sion of T-wave. Pulse rate averages 72. 
In this case, again, it is possible that some digitalis had been taken 

§ I 
before admission, although no history of this could be obtained. An 
increase in negativity of T-wave is shown within eighteen hours after 


beginning the drug, and the pulse rate is slowed. No essential change 


in the conduction time occurred though there is possibly slight slowing 


November 22, 1916. 
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Case 10.—T. J. R., man (Hosp. No. 8725), was admitted May 18, 1916 

Clinical diagnoses: (1) syphilis; (2) chronic interstitial nephritis; (3) arte- 
riosclerosis (general) ; (4) hypertension (238 systolic, 142 diastolic) ; (5) myo- 
cardial insufficiency 

The blood showed urea nitrogen, 91; creatinin, 9.5; blood sugar, 0.21; phenol- 
sulphonephthalein test, May 20, 1916, 27 per cent. excreted in two hours. 

The patient received digitalis as follows: May 19, 1916, infusion digitalis, 
120 c.c.: May 20. 1916, infusion digitalis, 15 c.c. (total 135 c.c 4% ounces 





Fig. 20.—(Case 10.) May 24,1917. P-R=0.25 second. Inversion of T-wave 
increased in all derivations as compared with May 20, 1916 (Fig. 19). Pulse 
rate 74. 


“Eggleston dosage”); then none until May 25. May 25 to June 5 the patient 
received tincture digitalis, minims 30 daily; then none until June 12, when tinc- 
ture digitalis 2 c.c. (minims 30) daily were given until June 19. June 28, tinctur« 
digitalis 8 c.c. (minims 120). 

May 19, 1916. Polygram (Fig. 17) (before digitalis was given) shows small 
pulse; first strip taken during hyperpnea with Cheyne-Stokes breathing; second 
strip shows period of apnea. 
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May 20, 21 and 22, 1916. Polygrams (Fig. 18) show marked improvement 
in character of pulse wave. Auricular waves have become clearly distinguishable 
in jugular pulse May 22, 1916. 

(No electrocardiographic tracing secured before digitalis was begun, but 
tracings shown later, July 11, 1916, show less inversion of T-wave than when 
showing digitalis effects, and P-R interval = 0.21 second.) 

May 20, 1916. Electrocardiogram (Fig. 19). P-R interval = 0.25 second. 
T inverted in DI and DII. Slight inversion in D III. Pulse rate 82. 

May 24, 1916. Electrocardiogram (Fig. 20). P-R=0.25 second. T inverted 
in D I and D II and slightly inverted in D III. Pulse rate 74. 
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Fig. 21—(Case 10.) Electrocardiograms July 11, 1916 (no digitalis for 
thirteen days), P-R = 0.21 second. T-wave inverted, then positive, in D I (not 
shown); inverted, then positive in D II and D III (has had no digitalis for 
thirteen days) (compare with Fig. 19). Two short polygraphic strips. 


June 28, 1916. Electrocardiogram. (No digitalis for eight days.) T return- 
ing toward normal outline. Pulse rate 65. 

July 11, 1916. Electrocardiogram (Fig. 21). No digitalis for thirteen days 
P-R interval = 0.21 second. T inverted, then positive in D I; inverted and then 
positive in D II. T inverted, then positive in D III. Polygraphic tracings taken 
show Cheyne-Stokes breathing in periods of apnea and hyperpnea, respectively. 

Died July 12, 1916. Necropsy refused. 


It is impossible to say in this case that no digitalis had been taken 
before admission. It seems probable that there was some digitalis 
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effect, although no drugs had been taken for two weeks, since the P-R 
interval is prolonged to 0.25 second within eighteen hours after begin- 
ning the drug, and this interval is shorter at a later time, thirteen days 
after suspending. We have not seen such a lengthening at such an 
early date in other instances, except where some digitalis effect was 
already present. The lengthened P-R interval is the only evidence 
here of lessened conductivity in the bundle of His. Partial block did 
not occur. At one time, May 24, 1916, increased irritability of ventric 


ular muscle is shown by extrasystole. 


ARES cit 








Fig. 22.—(Case 12.) Oct. 26, 1916 (before digitalis was giver P-R = 0.18 
second. T slight inversion in D I, iso-electric in early portion, then slightly 
positive in D II and D III. Extrasystoles frequent. Pulse rate 75 


Case 11.—Mrs. Sarah M., aged 30 (Hosp. No. 9870), was admitted Oct 
27, 1916; discharged Dec. 21, 1916. 

Diagnoses: (1) chronic valvular disease of heart with mitral insufficiency and 
stenosis; (2) hyperthyroidism (slight); (3) pyorrhea alveolaris and dental 
caries; (4) chronic amygdalitis. 

Weight, 111 pounds. The patient was given infusion Digitalis lutea as 
follows: 

Nov. 4, 1916, 54 c.c.; Nov. 5, 1916, 54 cc. (total 108 cc. “Eggleston doses” in 
eighteen hours); Nov. 7 to Nov. 17, 1916, tincture digitalis 3 c.c. daily. 

Nov. 4, 1916. Electrocardiogram. P-R=0.15 second. T 3 mm. positive in 
D I; 1 mm. positive in D IT; 2.5 mm. negative in D IIT. Pulse rate 80 
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Nov. 9, 1916. Electrocardiogram. Slight inversion of first portion of T-wave 
in DI and D II. Inversion of T wave decreased in DIII. P-R interval = 0.17 
second. Pulse rate 92. 

Nov. 17, 1916. Electrocardiogram. P-R = 0.2 second. T negative, then slight 
positive in DI. Nearly iso-electric and diphasic in D I1; iso-electric and slightly 
negative in D III. Pulse rate 88. 

Nov. 25, 1916. Electrocardiogram. P-R interval much increased (0.31 second 
in D II). T shows slight inversion in D I; marked inversion in D II and D ITI. 


Pulse rate “ 





Fig. 23.—(Case 12.) Nov. 28, 1916, thirty-six hours after beginning Eggleston 
doses. P-R=0.2 second. T-wave inverted in D I and D II, iso-electric, then 
slight inversion in D III. Pulse rate 59. 


An occasional temperature rise to 99.4 F. and once to 100 F. gave 
rise to a suspicion of mild endocardial infection. Repeated blood 
cultures showed no growth. Average pulse rate was not decreased 
under digitalis, although the area of precordial dulness narrowed about 
1 cm. Irregularity of pulse from “missed beats” (?) was noted 
November 17, 1916. The patient was nauseated and vomited once 
November 18 while taking the official tincture (purpurea). 
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Digitalis caused not only a flattening, and later, inversion of 
T-waves, but also a gradual lengthening of P-R interval, this continu 
ing to increase for at least seven days after suspension of the drug 
No blocking could be demonstrated then or later 

Case 12—R. B. A., man, aged 59 (Hosp. No. 9853), was admitted Oct. 25, 
1916; discharged Nov. 18, 1916. 
Clinical diagnoses: (1) chronic diffuse nephritis; (2) arteriosclerosis with 


hypertension (185 systolic, 113 diastolic) ; (3) hypertrophy, dilatation and decom- 
pensation of heart; (4) anasarca; (5) pyorrhea alveolaris and dental caries 





Fig. 24.—(Case 12.) Nov. 4, 1916 (nine days after last Eggleston dose. but 


after 3 c.c. of tincture on previous day) P-R= 0.24 second. T-wave shows 
more inversion in D I and D II; nearly iso-electric and diphasic in D III. Pulse 
rate 58. 


Weight 185 pounds. The patient was given digitalis as follows 

Infusion digitalis, 180 c.c. Oct. 26 and Oct. 27, 1916, in eighteen hours (Eggles- 
ton method) ; Nov. 3 to Nov. 18, 1916, tincture digitalis, 3 c.c. daily. 

Oct. 26, 1916. Electrocardiogram (Fig. 22). P-R=0.18 second. T wave 
slightly inverted in D I; iso-electric in early portion, then slightly positive in 
D II and D III. Extrasystoles frequent. Pulse rate 75 
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Oct. 28, 1916. Electrocardi. gram (Fig. 23). P-R=02 second. T-wave 
inverted in D I and D II; iso-el«ctric, then slight inversion in D III. No extra- 
ystoles. Pulse rate 59. 

Nov. 4, 1916. Electrocardiogram (Fig. 24). P-R=0.24 second. T-wave 
shows more inversion in D I and D IIT; nearly iso-electric and diphasic in D III 


Pulse rate 58 


Nov. 17, 1916. Electrocardiogram (Fig. 25). P-R=0.22 second. T-wave 


shows still more inversion in D I and D II, with small positive wave in D IIT. 
Pulse rate 55 





Fig. 25.—(Case 12.) Nov. 17, 1916 (after following Egzleston method with 
Tr. digitalis, 3 c.c. daily for fourteen days) P-R = 0.22 second. T-wave shows 
still more inversion in D I and D II with small positive wave in D III. Pulse 
rate 55 


A gradual lessening of rate from a normal rate of 75 to one of 55, 
three weeks later, occurred. A gradual lengthening of P-R interval 
from 0.18 second before digitalis, to 0.24 second ten days after begin 
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ning the drug, shows a definite depression of conductivity in the junc 
tional tissues. This is evident within thirty-six hours after beginning 
the Eggleston doses, but never reaches a high grade, and lessens some 
what even when 3 c.c. of tincture is being given daily. (Compare Figs 
24 and 25.) Block did not occur. Typical changes occur in the 
T-wave, evident also within thirty-six hours (Fig. 23) and increasing 
during the administration of the small “tonic” doses. The curves 


before beginning digitalis (Fig. 22) suggest that the drug had been 
— £ S : 





Fig. 26.—(Case 13) Dec. 29, 1916. P-R=0.16 second. T is iso-electric o1 
slightly inverted in all derivations. Pulse rate 93. 


taken recently, and this suggestion is heightened by the presence of 
numerous extrasystoles. The extrasystoles disappeared, however, 
when the drug was pushed, and other signs of digitalis action appeared 

Throughout this study, this patient improved greatly, and the case 
illustrates the possibility of definite control with avoidance of unde 
sirable effects when careful and frequent graphic studies are made 

Case 13.—Mrs. J. A. C., aged 58 (Hosp. No. 10299), was admitted Dec. 26 
1916; discharged Feb. 6, 1917. 

Clinical diagnoses: (1) pleurisy with effusion, left; (2) displacement of heart 
to right; (3) gingivitis 
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Weight 125 pounds. The patient was given infusion Digitalis lutea, 120 c.c 
in eighteen hours, Dec. 31, 1916, and Jan. 1, 1917; then tincture Digitalis lutea, 
4 cc. daily, Jan. 3, 1917, to Jan. 8, 1917 

Dec. 29, 1916. Electrocardiogram (Fig. 26). P-R=0.16 second. T iso- 
electric or with possibly slight inversion in all derivations. Pulse rate 93. 

Jan. 6, 1917. Electrocardiogram (Fig. 27). Partial block; T-wave distinctly 
inverted in D I and D II; no distinct change in D III. Pulse rate 62. 

Jan. 9, 1917. Electrocardiogram (Fig. 28). Partial block continues, with 
T-waves showing no change from Jan. 6, 1917 (Fig. 27). Pulse rate 60. Imme- 
diately after taking this tracing the patient was given atropin sulphate 0.0017 gm 
(See Fig. 29 taken twenty-four minutes later.) 





Fig. 27.—(Case 13.) Jan. 6, 1917, partial block. T-wave distinctly inverted 
in D I and D II; no distinct change in D III. Pulse rate 62. 


Jan. 9, 1917, 9:47 to 9:49 a.m. Electrocardiogram (Fig. 29) (taken twenty- 
four to twenty-six minutes after atropin sulphate 0.0017 gm. hypodermically). 
P-R = 0.21 second. Partial block has disappeared. T-wave shows marked inver- 
sion in D I and D II; D III shows first portion of T-wave more strongly posi- 
tive than in previous tracings. Pulse rate 123. 

The clinical chart shows that this rapid, regular rate gradually disappeared 
and slow rate with partial block reappeared in six hours. (Digitalis had been 
continued for two days after appearance of partial block (Jan. 6, 1917) through 
an error, as the drug was ordered discontinued at once on recognizing the block.) 
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Jan. 11, 1917. Electrocardiogram, shows continuance of partial block, inver 
sion of T-wave, and an occasional ventricular extrasystole, three days after last 
digitalis and two days after use of atropin 

Jan. 27, 1917. Electrocardiogram. P-R=0.14 to 0.17 second, somewhat 
irregular in length, but no block. T-wave still shows some inversion in D | 
and D II. D III cannot be distinguished from same derivation before taking 
digitalis. 

Jan. 30, 1917. Electrocardiogram. P-R = 0.16 second. DI, D II and DIIi 
cannot be distinguished from same derivations before taking digitalis 








ove wee Se) ve 


Fig. 28.—(Case 13.) Jan. 9, 1917, partial block continues. T-waves as it 
Figure 27. Pulse rate 60. 


After taking the Eggleston doses there was no change in rate (104 
to 116 per minute), but after beginning “tonic” doses the pulse gradu 
ally slowed to a minimum of 84, Jan. 5, 1917. Jan. 6, 1917 the pulse 
suddenly dropped to 60, with irregularity noted by the nurse. (See 
also Fig. 27.) Atropin sulphate Jan. 9, 1917 (Fig. 29) removed the 
block, but caused no change in T-wave. 

There was no discomfort, and no untoward symptom and it was 
not thought necessary to continue atropin. A digitalis effect on the 
T-wave is noted nineteen days after discontinuing the drug. 

Case 14—B. H. C., man, aged 53 (Hosp. No. 9860), was admitted Oct. 26 
1916; discharged Dec. 8, 1916. 


? 


Clinical diagnoses: (1) chronic myocarditis; (2) paralysis agitans; 
(3) pyorrhea alveolaris. 
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Ophthalmoscopic examination showed some sclerosis of the retinal vessels 

Weight 161 pounds. The patient was given infusion Digitalis lutea Nov. 5, 
1916, and Nov. 6, 1916 (160 c.c. in eighteen hours, “Eggleston dose”). Nov. 7, 
1916, to Nov. 26, 1916, tincture digitalis 3 c.c. daily. 

Nov. 4, 1916. Electrocardiogram (Fig. 30). P-R=0.18 second. T 4.5 mm. 
positive in D I; 4 mm. positive in D II; slightly negative, then positive in D III. 
Ventricular extrasystole in D III. Pulse rate average 96. 

Nov. 10, 1916. Electrocardiogram (Fig. 31). P-Q=0.21 second. T nega- 
tive, then 1 mm. positive in D I; 3 mm. negative, then slight positive in D II; 
3 mm. negative in D III. Pulse rate, average 96. 

Nov. 25, 1916. Electrocardiogram (Fig. 32) Complete block. Increased 

egativity of T-wave in all leads. Pulse rate, average 55. 


ae 


Fig. 29—(Case 13.) Jan. 9, 1917 (twenty-four to twenty-six minutes after 
atropin sulphate 0.0017 gm. hypodermically) P-R = 0.21 second. Partial block 
has disappeared, T-wave marked inversion in D I and D II; first portion more 
strongly positive than in previous tracings in D III. Pulse rate 123. 


Nov. 26, 1916. Electrocardiogram. Complete block continues. Increasing 
negativity of T-wave. Pulse rate, average 55. 

Nov. 27, 1916. Electrocardiogram. Complete block continues, as does nega- 
tivity of T-wave. All these phenomena lasted for ten days after suspension of 
digitalis, then disappeared gradually. 


Jeginning with a normal (0.18 second) P-R interval, gradual 


lengthening of this interval occurred, with finally complete auriculo 
ventricular dissociation, as shown in Figure 32, in which in D II the 
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ventricular rate is slightly lower than half the auricular rate, the alter 
nate P-wave gradually merging in front of the R-wave. In D III the 
ventricular rate is slightly faster than half the auricular, the alternate 
P gradually merging into R. Inversion of the T-wave after digitalis 
occurs as in other cases. 

This is the only case of complete block from digitalis in our records 
It is of peculiar interest from the fact that the normal P-R interval 





Fig. 30.—(Case 14.) Nov. 4, 1916 (before digitalis) P-R 0.18 second 
T-wave positive, and high, in D I and D II; slightly negative and then positive 
in D III. Pulse rate averages 96. 


before giving digitalis gave no hint of impaired conduction through 
the bundle 

At the time of admission of this patient, and before giving Digitalis 
lutea, an occasional extrasystole was noted. There was no increase in 
the frequency of extrasystoles, even though the block developed, with 
its consequent slower rate and greater opportunity for the occurrenc: 
of ventricular extrasystoles 
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Case 15.—E. U., man, aged 19 (Hosp. No. 7766). 

Clinical diagnoses: (1) chronic valvular disease of heart, mitral and aortic 
insufficiency and decompensation; (2) chronic passive congestion of liver; 
(3) ascites; (4) edema legs; (5) dental caries. 

Weight 170 pounds. The patient was given tincture digitalis 3 c.c. daily from 
March 14, 1916, to March 31, 1916, then none until April 19, 1916, when 165 c.c. 
infusion digitalis, “Eggleston method,” were given in eighteen hours. 

March 8, 1916. Electrocardiogram. P-R = 0.2 second. T is a normal upward 
wave in DI, D II and DIII 





Fig. 31 (Case 14.) Nov. 10, 1916 (Eggleston dose five days before and 
3 c.c. tincture digitalis for three days just preceding this date) P-R = 0.21 second. 
T shows marked inversion in all three leads, especially D II. Pulse rate 
average 96 


April 12, 1916. Electrocardiogram (has had 3 c.c. daily tincture digitalis for 
eighteen days; suspended twelve days before tracing taken). P-R = 0.22 second, 
except where an extrasystole has preceded, when it is 0.01 to 0.02 second longer. 
T-waves of normal ventricular complexes like those of March 8, 1916, except for 
moderate flattening in D I. Extrasystoles have been occurring before adminis- 
tration of digitalis. 
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April 19, 1916. Electrocardiogram (no digitalis for nineteen days). Take 
during attack of acute tonsillitis with temperature 104 F., with a very rapid and 
regular rate of 146 per minute, P-R = 0.25 second. P superposed on T. 

April 20, 1916. Electrocardiogram (twenty hours after beginning Eggleston 
dosage). P-R= 0.24. T-wave shows distinct flattening in D II and D III as 
compared with April 12, 1916. 

April 26, 1916.—Electrocardiogram. Partial block. (This has been occurring 
for three days, having begun three days after the Eggleston doses.) T is a 





Fig. 32.—(Case 14.) Nov. 25, 1916. Complete block. Increasing negativity 
of T-wave in all leads. Pulse rate average 55. 


higher wave, more like that of March 8, 1916, than of April 20, 1916, after 
Eggleston doses 

April 28, 1916. Electrocardiogram. Partial block has disappeared. P-R 
0.25 second. There is a marked return of the form of T-waves toward that 
seen before digitalis. Pulse rate 90. Ventricular extrasystoles occur. 

In this case, after having taken “tonic” doses of digitalis, an acute 
infection occurred with rapid pulse rate. Digitalis in Eggleston doses, 
given at this time, caused, three days later, a partial block which lasted 
four days 
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The characteristic changes in T-waves occurred, and are shown at 
least twenty hours after beginning the drug. The occurrence of extra- 
systoles was not due to the drug, but was distinctly lessened while the 


heart was definitely under its influence. 


SUMMARY AND CONCLUSIONS 


ur impression is that the Eggleston method is a valuable addition 
in digitalis therapy, that it gives confidence in the use of the drug, and 
that the shorter time necessary for securing digitalis effects should give 
the method wide use. 

The method must be used with care to select cases in which these 
effects are desired. Cases of acute or chronic infections, with the 
probability of the presence of endocardial infections, should be given 
the method—if at all—only after careful study, because of the possi 
bility of embolism and, quite as important, in our opinion, the possi- 
bility of associated myocardial changes predisposing to block. 

The method requires careful study of the patient before, during, 
and after its administration, and, since it produces powerful and clear 
cut effect, should be used with extreme care and judgment. 

The graphic methods of study show that when given in large 
enough doses, as by the Eggleston method, digitalis effects may be 
secured in from sixteen to twenty-four hours. 

The electrocardiogram provides a means of accurate study of these 
effects, showing alterations in the T-wave in all cases studied and also 
alterations—principally an increase—in conduction time in many. 

Alterations in outline of the T-wave accompany physiologic effects 
of digitalis, and such alterations may persist for many days after with 
drawing the drug. In Case 13, persistence of altered T wave is shown 
for 19 days; in Case 2, 20 days. In Cases 7, 11, 10 and 2 alteration 
was found for 6, 8, 13, and 14 days, respectively. In our other studies 
of digitalis action we find it not uncommon for such alterations to per 
sist for 10 days to 2 weeks, the T-wave gradually returning to its 
normal outline. 

The Eggleston method, in cases of decompensation with auricular 
fibrillation, gives strikingly favorable results. Digitalis effects are 
shown in from twelve to twenty-four hours in four of our cases 
(Cases 1, 2,4 and 5). This is much earlier than results obtained by 
administering digitalis by older methods, and may therefore be respon 
sible for saving life and is of great clinical significance. In one case 
(Case 3) electrocardiographic records were not secured until thirty- 
six hours had elapsed, but a marked effect is shown at this time, and 
in this case a tremendous urinary output began within twenty-four 


hours. 
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We have not seen the Eggleston doses result either in extrasystoles 
or in heart block, except in cases giving presumptive evidence of pre 
vious digitalis administration. (Case 3 showed paired beats; Case 10, 
extrasystoles irregularly placed; and Case 15 showed partial heart 
block of short duration.) In one case (Case 12) prolongation of 
conduction time from 0.18 to 0.24 second occurred. 

The Eggleston method, with 3 or 4 c.c. or more of the tincture 
daily for several days, has resulted, once in partial and once in com 
plete heart block (Cases 13 and 14). In several instances there has 
been lengthening of the P-R interval without this becoming so great 
as to cause block. In these instances no unfavorable effects were 
noted, and careful watching, with study by graphic methods, has 
allowed control with prevention of the more severe manifestations of 
toxic action. 

The number of cases in our series is too small to be conclusive as 
to the time of occurrence of the various effects of digitalis, but in 


general it appears that in addition to the moderate degree of slowing 


of the pulse rate, due to a vagus effect on the sino-auricular node, 
three distinct effects of digitalis may be noted: 

(a). Inversion of the T-wave, due probably to some effect on con 
duction through either the finer ramifications of the system of Purkinje 
fibers, or the musculature itself, or both. This effect is constant in 
occurrence and accompanies both the desirable and undesirable effects 
of digitalis, increasing in degree with increase in the amount of the 
drug given and persisting for several days, often as much as two 
weeks, and occasionally nearly three weeks, after withdrawal of the 
drug. This effect is the first to appear and the last to disappear 

(b). Delay in conduction through the bundle of His. The desira 
bility of this effect varies with the conditions in the heart. In auricu 
lar fibrillation it is probably largely responsible for the brilliant results 
so often secured in decompensation with rapid, irregular heart action 
In this condition digitalis should be given boldly and with confidence, 
and the Eggleston method gives most satisfactory results. 

In individuals without auricular fibrillation but with a presumably 
normal conducting tissue, digitalis may be given by the Eggleston 
method apparently without harm, but no such striking improvement 
is seen as in cases with auricular fibrillation. 

In those patients giving evidence of impaired conduction, as shown 
by a P-R interval of 0.2 second or over, digitalis must be given with 
great caution, if at all, and then only in the presence of clear indica 
tions for the use of the drug. Any evidence of partial block contra 
indicates its use or further administration. 

The effect on the conducting tissues appears later and after larger 
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doses than the effect on the T-wave, except possibly in cases where 
some impairment of the conducting tissues already exists. It is prob- 
able that auricular fibrillation causes some impairment of conduction, 
or at least renders the conducting tissues sensitive to digitalis, the great 
frequency of conducted impulses causing a certain degree of exhaus- 
tion of the tissue. This impairment may explain in part the prompt, 
favorable effects of the drug in this condition. 

(c). Extrasystoles, ventricular in origin, due to increased irrita- 
bility of the heart muscle. This effect is undesirable under any cir- 
cumstances and appears usually last of the three noted, except where 
the conducting tissues are presumably healthy and not overworked, in 
which case extrasystoles as a result of digitalis action may occur 
before changes in conduction time are seen. 

Digitalis lutea, the Minnesota first-year leaf, produces effects 
apparently identical with those of the official Digitalis purpurea, except, 
possibly, so far as nausea and vomiting are concerned. We have seen 
these phenomena in man only once after the use of very heavy doses 
of lutea and are encouraged in studying this drug further with the 
hope of finding a preparation with digitalis action that produces less 
of these annoying effects. 

We suggest the further trial of Digitalis lutea, and recommend that 
it be standardized on the basis of “cat unit” rather than on the basis 
of content of digitalis leaves. In this way a preparation would be 
available with known physiologic effect, and dosage could be calculated 
on the basis of body weight. 
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ANTIGEN-ANTIBODY BALANCE IN LOBAR 
PNEUMONIA * 


FRANCIS G. BLAKE, M.D. 


MINNEAPOLIS 


While it is recognized that the course and outcome in any indi 
vidual case of lobar pneumonia is probably determined by the ability 
of the body to overcome the disease by the elaboration of substances 
antagonistic to the progress of the infection, it is not definitely known 
what the relative importance of the various immunity principles 
involved is, nor what factors serve to tip the balance favorably or 
otherwise in the struggle between antigen and antibody. 

It has been known for some time that natural recovery from pneu 
monia is attended by the development of certain humoral antibodies 
which appear shortly before or at the time of crisis. In 1891 G. and 
F. Klemperer? showed that the blood of patients who had recovered 
from the disease might protect rabbits against infection with the pneu 
mococcus. This fact was confirmed by Neufeld and Handel,? who 
also showed that similar protection might be afforded to mice. 
Dochez* showed that the appearance of these protective substances 
coincided rather sharply with the period of critical fall in temperature 
in many instances. Besancon and Griffon,‘ Chickering’ and others 
have shown that agglutinins appear in the blood of patients ill of and 
convalescent from lobar pneumonia and Clough® has noted that, in 
certain instances, serum from convalescent cases possesses the power 
of inducing in vitro phagocytosis of virulent pneumococci which are 
not phagocytable in normal serum. That these humoral antibodies are 
effective only against the homologous type of pneumococcus is now 
well recognized. Whether the development of humoral antibodies in 
itself is primarily responsible for recovery, or is merely an expression 
of the development of a cellular defensive mechanism, is not known. 
It seems highly probable, however, from the studies of Cole’ and of 
Bull® that humoral immunity is an exceedingly important factor in 
bringing about recovery from the disease. 


* Submitted for publication Feb. 13, 1918 
*From the Department of Medicine, University of Minnesota, Minneapolis 
Klemperer, G. and F. Serl. klin. Wehnschr., 1891, 28, 833, 869 
. Neufeld, F., and Handel: Arb. a. d. k. Gsndhtsamte., 1910, 34, 166 
. Dochez, A. R.: Jour. Exper. Med., 1912, 16, 665 
. Besancon, F., and Griffon, V.: Compt. rend. Soc. de biol., 1897, 6, 551, 579 
Chickering, H. T.: Jour. Exper. Med., 1914, 20, 599 
Clough, P. W.: Bull. Johns Hopkins Hosp., 1913, 24, 295 
Cole, R.: Jour. Exper. Med., 1917, 26, 453 
. Bull, C. G.: Jour. Exper. Med., 1915, 22, 457 
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It is well established that pneumococcus antigen in the form of 
living pneumococci is present in the blood in a considerable proportion 
of cases of pneumonia, and in general it may be said that pneumococci 
tend to disappear rapidly from the blood in cases that progress to 
recovery, but that they increase and a true pneumococcemia develops 
in cases that terminate fatally, provided there are no serious complica- 
tions that influence the outcome. Furthermore, Dochez and Avery® 
have shown that a soluble pneumococcus substance which can be 
detected by means of the precipitin reaction is produced in the body 
during the course of the disease, that it is present in demonstrable 
amounts in the blood in a small number of cases unusually severe, and 
that it is excreted in the urine in a considerable percentage of cases at 
some time during the course of the disease and often during conva- 
lescence. They have found that the amount of this substance present 
in the urine varies in different individuals and that the presence of a 
large amount is of unfavorable prognostic import. Cole’ has also 
shown that a large amount of soluble substance, presumably of pneu 
mococcus origin, is present in empyema fluids and in the blood of 
infected rabbits, which possesses the power of neutralizing pneumo 
coccus antibodies. He considers that the rapid disappearance of pneu- 
mococcus antibodies from the blood of severely infected patients who 
have been treated with antipneumococcus serum is probably associated 
with the presence of such soluble substances in the blood. The nature 
of this substance is not definitely established, but it seems probable that 
it is the same substance which gives rise to precipitins in the blood 
and urine of infected patients demonstrated by Dochez and Avery.’ 

With these conceptions as a basis, the following study was under 
taken with the purpose of determining the antigen-antibody balance, if 
we may speak of it as such, in a series of cases of lobar pneumonia, in 
order to determine (1) the relation of antigen to antibody, (2) what 
relation the antigen-antibody balance bears to the course, clinical sever- 
ity, and final outcome of the individual case, and (3) whether such 
studies might be of prognostic value in the individual case. The cases 
studied have been on the wards of the Elliot Memorial Hospital, Uni- 
versity of Minnesota, and the Minneapolis City Hospital. No special 
line of treatment has been followed and no specific serum therapy has 
been used. In all, nineteen cases have been completely studied and 
form the basis of this report. All cases have been classified with 
respect to the type of pneumococcus causing the infection."® 

Twelve were due to infection with Type I pneumococcus, all of 
which recovered ; 4 with Type II pneumococcus, 3 of which recovered, 


9. Dochez, A. R., and Avery, O. T.: Jour. Exper. Med., 1917, 26, 477. 
10. Dochez, A. R., and Gillespie, L. J.: Jour. Am. Med. Assn., 1913, 61, 727. 
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1 died ; 2 with Group IV pneumococcus, of which 1 recovered, 1 died; 
and 1 was caused by Friedlander’s bacillus with fatal termination 
While it is realized that the number of cases studied is small, it has 
seemed advisable to report the results so far obtained, the further 
progress of the work having been interrupted at present by the war. 

The general plan of study has consisted of daily blood cultures 
throughout the course of the disease, daily determination of the con 
centration of soluble pneumococcus substance, of agglutinins and of 
precipitins in the blood serum throughout the course of the disease 
and at intervals during convalescence, and daily determinations of the 
concentration of soluble pneumococcus substance excreted in the urine 
throughout the period of observation. In determining the concentra 
tion of soluble pneumococcus substance and of antibodies the dilution 
method, in dilutions of 1:1, 1:2, 1:4, 1:8, ete., with 0.85 per cent. 
salt solution as a diluent, has been used. The highest dilution in which 
a positive reaction occurred has been taken as a measure of the con 
‘soluble antigen” wiil 


centration of the substance sought. The term 
be used hereafter to designate the soluble substance of pneumococcus 
origin found in the blood and excreted in the urine 


METIHIIODS 

The methods were as follows 

Blood Cultures—Blood was collected by venipuncture by the usual technic 
Eight to 10 cc. were inoculated into a flask of plain broth and measured 
amounts from 1 c.c. to 5 c.c. were poured in agar plates to determine the num- 
ber of pneumococci per cubic centimeter of blood 

Soluble Antigen in the Blood—Detected by the precipitin method. Five- 
tenths c.c. of a 1:10 dilution of the homologous type of antipneumococcus 
serum™ was added to 0.5 cc. of increasing dilutions of the patient’s serum in 
a series of small tubes and incubated for two hours at 37 C. Final readings 
were made after the tubes had stood in the ice box over night 

Soluble Antigen in the Urine —Detected by the precipitin method. A sample 
of urine, collected shortly before the daily bleeding, was rendered clear by 
filtration; 0.5 cc. of a 1:10 dilution of the homologous type of antipneumo 
coccus serum was added to 0.5 c.c. of increasing dilutions of the urine in a 
series of small tubes and incubated for one hour at 37 C., when final readings 
were made. In calculating the amount of soluble antigen in the urine, the 
final calculation was made on the basis of a constant daily excretion of 1,000 
c.c. of urine, inasmuch as the concentration rather than the actual amount of 
soluble antigen was being measured. 

Serum Agglutinins —To 0.9 c.c. of increasing dilutions of the patient’s serum, 
0.1 cc. of an eighteen-hour broth culture of the homologous type of pneumo- 
coccus was added. The tubes were incubated for two hours at 37 C. and final 
readings were made after the tubes had stood in the ice box over night. 

Serum Precipitins —To 0.5 c.c. of increasing dilutions of the patient’s serum 
in a series of small tubes, 0.5 c.c. of a standard soluble pneumococcus antigen 
was added. The tubes were incubated for two hours at 37 C.. the final read- 
ings being made after the tubes had stood in the ice box over night. 

11. The antipneumococcus serum employed was that prepared at the Hos 
pital of the Rockefeller Institute for Medical Research, New York 
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EXPERIMENTAL 

The cases studied have fallen into three groups with respect to the 
results obtained: (1) clinically mild cases with recovery in which 
blood cultures have been negative and in which no soluble antigen was 
demonstrable in the blood serum or urine during the course of the dis- 
ease; (2) clinically severe cases going on to recovery with positive 
blood cultures early in the course of the disease and excretion of 
considerable amounts of soluble antigen in the urine, but without 
demonstrable soluble antigen in the blood serum; (3) fatal cases with 
positive blood cultures and increasing amounts of soluble antigen in 
both blood and urine until time of death. These groups will be pre- 
sented separately with typical examples from each group. 

Group 1.—The first group consists of eleven cases, of which nine 
were due to infection with Type I pneumococcus, one with Type II 
pneumococcus, and one with Group 1V pneumococcus.** All the cases 
with the exception of the Type II case were clinically mild and all 
recovered. Two examples are given. 


Case A16—E. M. H. No. 12533. Type I pneumococcus. Entered the 
hospital on the third day of the disease in good condition. Course uneventful, 
with recovery by crisis on the sixth day. Blood cultures negative. No soluble 
antigen present in the blood nor excreted in the urine throughout the period 
of observation. Agglutinins for Type I pneumococcus appeared in the blood on 
the fifth day twenty-four hours before crisis in a dilution of 1:12, rising to 
1:4 on the sixth and seventh days, 1:8 on the eighth day and 1:16 on the 
twelfth day. Precipitins for Type I pneumococcus antigen appeared in the 
blood on the seventh day twenty-four hours after crisis in a dilution of 1:1, 
rose to 1:8 on the eighth day and fell off to 1:4 on the twelfth day (Chart 1). 

Case A30—M. C. H. No. D5451. Type I pneumococcus. Entered the 
hospital on the third day of the disease. Clinical condition good. Course unevent- 
ful. Recovery by lysis from the seventh to the twelfth days. Empyema devel- 
oped on the eighteenth day. Thoracentesis. Sterile pus withdrawn. Recovery 
without operation. Blood cultures negative. No soluble antigen present in the 
blood or excreted in the urine during the course of the disease. On the twenty- 
seventh day small amounts of soluble antigen appeared in the urine for the 
first time and was excreted the next two days when observation of the case 
ended. Agglutinins appeared in the blood in a dilution of 1:4 on the seventh 
day when lysis began, rose to 1:16 on the eighth day, 1:32 on the tenth day 
and maintained that level during the remainder of the period of observation. 
Precipitins appeared in the blood on the seventh day in a dilution of 1:1 
simultaneously with beginning lysis, rose to 1:8 on the eighth day, 1:32 on 
the tenth and thirteenth days, fell off to 1:16 on the seventeenth day and to 
1:4 on the twenty-eighth day at the time when soluble antigen appeared in 
the urine (Chart 2). 


Of the eleven cases in this group nine showed negative blood cul- 
tures throughout, two showed positive blood cultures on one day only, 
in both instances less than one colony per 3 c.c. of blood. None of the 
cases at any time showed soluble pneumococcus antigen in the blood 


12. Soluble antigen was not determined in this case as no immune serum 
was available 


ARCH. 
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and none of the patients excreted soluble antigen in the urine in 
demonstrable amounts during the course of the disease. Six patients 
excreted small amounts at some time during convalescence, usually 
from one to two weeks after crisis. Five patients did not excrete solu 
ble antigen in the urine up to the time when observation ended 
Agglutinins for the homologous pneumococcus appeared in the 
blood in all cases; in seven, from twenty-four to forty-eight hours 


before crisis or beginning lysis; in one, coincident with beginning lysis ; 


and in two very mild cases with crisis, on the fourth and fifth days, 


respectively, not until twenty-four hours after crisis. The concentra 


Day OF MONTH 
DAY OF ILLNESS 
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104 
103 
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97 
96 
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Chart 1—Case A16. Lobar pneumonia. Type I pneumococcus. 


tion of agglutinins increased rapidly at the time of recovery and 
remained elevated during convalescence. Precipitins appeared in the 
blood in all cases: in one, twenty-four hours before the appearance of 
agglutinins ; in four at the same time, and in six, from twenty-four to 
forty-eight hours later. The precipitin concentration usually rose 
shortly after crisis, but showed a marked tendency to fall rather rap 
idly to a low level simultaneouly with the appearance of soluble antigen 
in the urine, as shown in Case A 30 (Chart 2). 

Group 2.—The second group includes five cases. Three were due 
to infection with Type I pneumococcus, two with Type IT pneumococ- 
cus. All were clinically severe but the patients recovered. One exam- 


ple is given. 
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Case A29.—M. C. H. No. D 5326. Type I pneumococcus. Entered the hos- 
pital on the third day of the disease. Clinical condition serious. Recovery by 
lysis from the sixth to eighth days. Convalescence uneventful. Blood culture 
showed 102 colonies of Type I pneumococcus per cubic centimeter of blood on 
the fourth day. Two colonies per cubic centimeter on the fifth day, negative 
on the sixth and seventh days. Soluble antigen was excreted in the urine in 
considerable amounts. It was detectable in a dilution of 1:8 on the fourth day, 
rose to 1:20 on the fifth day, fell off to 1:6 on the sixth day coincident with 
beginning lysis, and continued to be excreted in moderate amounts during the 
remainder of the period of observation. Soluble antigen was never present in 
detectable amounts in the blood. Agglutinins appeared in the blood on the 
sixth day in a dilution of 1:1 coincident with beginning lysis, rose to 1:4 
on the seventh day, 1:16 on the eighth day and fell off to 1:8 on the twelfth 
day. Precipitins did not appear in the blood at any time (Chart 3). 
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Chart 2A.—Case A30. Lobar pneumonia. Type I pneumococcus. 


()f the five cases in this group three showed positive blood cultures 
early in the disease, which became negative as the disease progressed 
Two patients entering the hospital on the fourth and seventh days of 
the disease, respectively, showed negative cultures at that time. None 
of the cases showed soluble pneumococcus antigen in the blood at any 
time. All excreted considerable amounts of soluble antigen in the 
urine throughout the course of the disease, with a decrease in the 
amount shortly before or coincident with recovery. All continued to 
excrete moderate amounts throughout convalescence, usually with a 
secondary rise in concentration about a week after crisis. 

\gglutinins appeared in the blood before or at the time of crisis in 
all cases exactly as in cases of the first group, and rose in concentration 
after crisis, reaching a dilution of 1:8 in three instances; 1: 16 in two 
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In contrast with cases of the first group, the concentration of agglutin 
ins tended to diminish during convalescence. Precipitins did not 
appear in the blood in any instance in the cases of this group even dur- 
ing convalescence, a feature in striking contrast with the results 
obtained in the first group. 

Group 3——The number of cases in this group is very limited, 
being only three in number; one case due to Type II pneumococcus 


first seen on the sixth day, the patient dying on the seventh; one case 
due to Group 1V pneumococcus in which no data on the presence of 
soluble antigen in the blood or urine are available ; and one case caused 
by Friedlander’s bacillus, in which the data are complete. This case is 


Chart 2B.—Case A30. Lobar pneumonia. Type I pneumococcus. 


presented as representative of the group because it shows the probable 
course of events in most fatal cases of pneumococcus pneumonia, and 
because, so far as is known, it is the first case of Friedlander’s bacillus 
pneumonia in which studies of this nature have been made. The 
immune serum for determining the presence of soluble antigen in the 
blood and urine was obtained by the immunization of a rabbit with the 
strain of Friedlander’s bacillus isolated from the patient’s blood. 


Case A24—M. C. H. No. 5044. Friedlander’s bacillus pneumonia. The 
patient entered the hospital on the fifth day of the disease in fairly serious 
condition. Progress was steadily downward and death occurred early in the 
morning of the ninth day. Blood cultures were negative on the fifth and sixth 
days, showed two colonies of Friedlander’s bacillus per cubic centimeter of 
blood on the seventh day, and seventeen colonies per cubic centimeter on the 
eighth day, eighteen hours before death. Soluble antigen appeared in the blood 
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on the sixth day in a dilution of 1:1, rose to 1:2 on the seventh day and to 
1:8 on the eighth day. Soluble antigen was excreted in the urine in a dilution 
of 1:2 on the fifth and sixth days and rose on the seventh and eighth days, 
reaching a dilution of 1:8. No agglutinins or precipitins appeared in the 
blood (Chart 4) 

The two other cases of this group showed positive blood cultures, 
the Type II case having 36 pneumococci per cubic centimeter of blood 
on the sixth day, 73 per cubic centimeter on the seventh day shortly 
before death ; the Group IV case having a positive culture for the first 
time on the seventh day, sixteen hours before death, with 12 pneumo- 
cocci per cubic centimeter of blood. Neither case developed agglutin- 
ins or precipitins. The Type II case showed soluble antigen in the 
blood in a dilution of 1:2 on the sixth day, 1:4 on the seventh day. 
No urine determinations were made as the patient was incontinent. 


DISCUSSION 

Certain interesting facts have developed from the study. All 
patients who have consistently failed to excrete detectable amounts of 
soluble pneumococcus antigen in the urine during the course of the 
disease have recovered. Whether this will prove a universal rule in all 
cases, provided there is no serious complicating factor, only the study 
of further cases can determine. It is significant that in a group of 
eighty-eight cases in which the excretion of soluble antigen in the urine 
was studied by Dochez and Avery® only two patients who showed neg- 
ative urine reactions died, one due to an atypical Group II pneumo- 
coccus, the other to a Type III pneumococcus. It will be readily 
understood that this finding cannot apply to cases of pneumonia caused 
by Group IV pneumococci, inasmuch as no antipneumococcus serum 
is available for making the test in such cases. If this rule is found to 
be generally applicable, its great value as a prognostic measure is 
evident. 

Patients who have failed to excrete soluble antigen in the urine 
during the course of the disease frequently begin to excrete it in small 
amounts at some period during convalescence. Also, patients who 
excrete it during the course of the disease, if they recover, usually 
show a secondary rise in the amount excreted at a corresponding time. 
This is apparently coincident with the period of resolution. It is sug- 
gested that it is associated with the liberation of antigen from the 
resolving pneumonic consolidation. 

Agglutinins have invariably appeared in the blood of all patients 
who have recovered, usually twenty-four to forty-eight hours before 
crisis. The concentration of agglutinins has risen rapidly at the time 
of recovery, remaining elevated during convalescence in the milder 
cases, showing a tendency to fall off in the severer cases. On the 
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other hand, fatal cases have failed to develop demonstrable agglutinins 
No apparent relation between the excretion of urinary antigen and the 
development of agglutinins has existed. 

All patients who have developed precipitins in the blood have recov 
ered, but not all that have recovered have developed demonstrable pre 
cipitins. In fact, the appearance of precipitin and the curve of its 
concentration has seemed to bear no definite relation either to the 
agglutinin curve or to recovery. The appearance of precipitin, how 
ever, has borne a very striking relation to the excretion of soluble 
antigen in the urine, in that all patients who have failed to excrete 
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Chart 3—Case A29. Lobar pneumonia. Type I pneumococcus 


soluble antigen in the urine during the course of the disease have 
developed precipitins in the blood at or about the time of crisis, while 
all patients excreting soluble antigen during the course of the disease 
have failed to develop precipitin in the blood. Furthermore, in those 
cases developing precipitins the concentration, after rising rapidly 
during the period shortly after crisis, has fallen rather abruptly coinci- 
dent with the appearance of soluble antigen in the urine. 

In consideration of these phenomena it is well to bear in mind that 
in measuring the concentration of precipitin we are probably dealing 
only with the excess, or free precipitin above that which is bound or 
neutralized by the soluble antigen. If this be so, it seems plausible to 
explain the course of events as follows: In those patients who fail to 
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excrete soluble antigen during the course of the disease, it is probable 
that the development of precipitin in the body keeps pace with the 
elaboration of the antigen and that the two serve to counterbalance or 
neutralize each other until finally at or about the time of crisis the 
development of precipitin exceeds the formation of soluble antigen, 
and free precipitin appears for the first time in the blood. The subse- 
quent decline in the concentration of precipitin during convalescence 
coincident with the appearance of soluble antigen in the urine would 
seem to be associated with the liberation of a considerable amount of 


cay OF MONTH 
Oay OF (LLNESS 


wOUR 
wW5 


14 


Ts 


al 
© 


Bleed cultures 
Colones perce 





Chart 4.—Case A 24. Lobar pneumonia. Friedlander’s bacillus. 


antigen by the resolution of the pneumonic consolidation. At least it 
is coincident with it. The fact that in two cases during this period 
small amounts of precipitin in the blood and of soluble antigen in the 
urine were simultaneously present, is an interesting observation. Two 
theories to explain this phenomenon are presented. Antigen and pre- 
cipitin simultaneously present in approximately equal amounts in the 
body may not in all instances be completely bound, or the kidney may 
possess the power of separating the two, excreting the soluble antigen 
and retaining the precipitin. Further study would be necessary to 
settle this point. 

On the other hand, in those cases usually severely infected, in 
which soluble antigen is excreted throughout the course of the disease, 
and in which precipitin does not appear in a free state in the blood, it 
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would seem probable that the formation of precipitin never equals the 
elaboration of soluble antigen, which is consequently constantly in 
excess and readily excreted in the urine. That soluble antigen is 
apparently not present in the blood in these cases probably indicates 
that the method used for detecting it is not sufficiently delicate when 
minimum amounts only are present. 

In general, blood cultures have been negative throughout in the 
milder cases going on to recovery. In severer cases that have recoy 
ered blood cultures have been positive early in the disease, but the 
number of pneumococci per cubic centimeter of blood has diminished 
daily, the blood becoming sterile coincident with, or twenty-four hours 
prior to, the appearance of agglutinins. The appearance of agglutin 
ins following the disappearance of pneumococci from the blood sug 
gests that here again we are dealing with a struggle between living 
antigen and its corresponding antibody. In those cases in which the 
development of agglutinins keeps pace with the invasion of the blood 
stream the pneumococci are kept out of the blood or rapidly removed 
from it as the agglutinins develop in excess and become demonstrable 
shortly before crisis. That recovery has been invariably accompanied 
by the appearance of agglutinins is a striking fact. That agglutinins 
have appeared in certain cases (Group II) while a considerable amount 
of soluble antigen is being excreted in the urine, suggests that the 
agglutinins may be effective even though the soluble pneumococcus 
antigen has not been completely neutralized and that their development 
in excess is essential to recovery from the disease. That this is not so 
with respect to the development of precipitins is evident from the cases 
considered in the second group. The relation between the develop- 
ment of agglutinins and the progress of the septicemia, while not so 
striking as that between precipitin and soluble antigen, is nevertheless 
fairly definite. This is well illustrated by Case A 29 (Chart 3) in 
which the disappearance of septicemia is followed by the appearance 
of agglutinins in the blood and by the fatal cases in which a progress- 
ively increasing septicemia with the absence of agglutinins occurs. 

With respect to the fatal cases, the number studied has been alto 
gether too few to justify any conclusions. These cases have been 
characterized by an increasing septicemia, steady rise in the amount of 
soluble antigen excreted in the urine, and complete failure to develop 
either precipitins or agglutinins in the blood. These cases alone of the 
entire series have shown detectable amounts of soluble antigen in the 
blood, an indication of the overwhelming nature of the infection. It 
is fair to assume that in fatal cases the body is unable to combat the 
progress of the infection by the production of sufficient antibodies to 
neutralize and overbalance either the living antigen or its soluble 


products. 
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The considerations discussed above strongly suggest that natural 
recovery from lobar pneumonia is largely brought about by the devel- 
opment of a humoral immunity in which agglutinins seem to play an 
important part. Why one individual is able successfully to combat 
the progress of infection by the development of an excess of immune 
bodies and another utterly fails to do so, is an intricate question con 
cerned with the factors of varying virulence of the invading organism 
and varying response of the defensive mechanism of the host about 
which we possess little accurate knowledge at present. Study of the 
individual case, however, as described in the foregoing, particularly 
daily estimation of the excretion of soluble antigen in the urine and 
daily blood cultures with estimation of the number of pneumococci per 
cubic centimeter of blood, will afford valuable information as to the 
probable outcome. 

CONCLUSIONS 

While the number of cases studied is too small to establish any 
final conclusions which may not be subject to alteration with further 
study, the following facts may be stated with respect to the data 
obtained. 

1. There is a definite relation between the excretion of soluble 
pneumococcus antigen in the urine and the development of precipitins 
in the blood in lobar pneumonia. 

2. The development of agglutinins in the blood bears no definite 
relation to the excretion of soluble antigen in the urine. 

3. The curve of concentration of precipitins does not parallel the 
curve of concentration of agglutinins. 

4. Pneumococci disappear from the blood prior to or coincident 
with the appearance of agglutinins. 

5. The balance between antigen and antibody bears a definite rela- 
tion to the course and outcome of lobar pneumonia, (a) in that cases 
developing an excess of precipitins and agglutinins have invariably 
recovered shortly after or coincident with the appearance of these 
antibodies; (b) in that cases showing a progressive increase in the 
excess of antigen without the development of demonstrable antibodies 
have invariably been fatal. 

6. Daily estimation of the concentration of soluble antigen excrete’ 
in the urine and of the number of pneumococci per cubic centimeter of 
blood have been of great prognostic value in the individual case 





BRAIN CHANGES ASSOCIATED WITH PERNICIOUS 
ANEMIA * 


HENRY W. WOLTMAN, M.D. 
Teaching Fellow in Nervous and Mental Diseases, University of Minnesota 


MINNEAPOLIS 


The frequency with which symptoms referrable to the central 
nervous system occur in anemic patients, particularly if the anemia be 
of the pernicious, or essential type, has long been recognized and made 
the object of extensive investigation. 

While our knowledge of this baffling disease has made wonderful 
strides since Addison first described it in 1855, we have become more 
and more embarrassed by the seeming increase of our ignorance, and 
we need be little surprised when we see the chaotic state our problem 
was in some twenty years later.. At this time, Schuele,* in an excellent 
study of three mental cases, in which there co-existed a severe anemia, 
expressed his opinion in this connection by saying: “It is apparent, 
granted that muscular degeneration can be of central origin, that 
anemias of neurogenic origin also exist ;” and came to the general con- 
clusion that atrophy of the cerebral cortex was, in his cases, the pri 
mary cause of the pernicious anemia. Other authors believed the 
anemia to be the result of some change in the spinal cord. 

While the object of this study is the investigation of brain changes 
in essential pernicious anemia, it seems advisable to review some of 
the more important contributions to the literature on the changes 
found in the spinal cord in this disease. 

Although Lichtenstern, in 1884, described two cases of pernicious 
anemia, complicated by spinal cord symptoms under the title, “Pro 
gressive Pernicious Anemia in Tabetics,” in which he considered the 
pernicious anemia to be dependent on the tabes, it was not until 1886 
that Lichtheim recognized the real significance of this syndrome, and 
to him is due the credit of establishing the true relationship of perni- 
cious anemia to subacute combined degeneration of the spinal cord, 
and of stimulating extensive research in this field, out of which 


crystallized a great many facts fundamental in neuropathology. 


While we now have a fairly clear idea of the pathologic processes 
involved, there still remain a great many problems which require 

* Submitted for publication Feb. 13, 1918. 

* A thesis submitted to the Faculty of the Graduate School of the University 
of Minnesota, in partial fulfilment of the requirements of the degree of Doctor 
of Science in Neurology, 1917. 

1. Bibliography will be found at the end of the article. 
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further elucidation. This applies especially to the understanding of 
the exact mechanism by which these changes are brought about. 
Although there are still some writers who consider the anemia to be 
the chief factor in causing the degenerations of the spinal cord 
(Goebel), most writers have come to the conclusion that it is really 
a toxin, or several toxins which must be responsible for these altera- 
tions (Minnich, Nonne, Petren, Von Voss, Russell, Batten and Collier, 
Johnson, Reuling, Bonhoeffer, etc.). 

That toxins alone are able to produce such changes, we know from 
the alterations which occur in the cord, which in many cases cannot 
be distinguished from those associated with pernicious anemia, when 
various poisons are introduced into the human organism; the same 
changes also appear as a result of certain poisons and in connection 
with certain morbid states ; that is, lead, arsenic, ergot, pellagra, lathyr- 
ism, chronic alcoholism, diabetes, leukemia, severe secondary anemias, 
diphtheria, Addison’s disease, tuberculosis, syphilis, typhoid, carci 
noma, senility, chronic jaundice, malaria, leprosy, influenza, scarlet 
fever, tetanus, pregnancy, shock and tea (Gordon). 

It was also pointed out that the nervous symptoms may precede 
the appearance of the anemia, sometimes by many months, which 
made the view that anemia alone might be the cause untenable ( Min- 
nich, Nonne, Bastianelli, Van Wart). 

The fact that patients, having pernicious anemia, often have an 
elevation of temperature, was also taken to indicate that a toxin was 
at work (Lloyd). Von Voss, however, furnished the best evidence 
when he induced an anemia in laboratory animals by injecting pyrodin, 
glycerin, pyrogallol, and toluylendiamin, with the result that only one 
animal showed cord changes, and these were different from those 
occurring in pernicious anemia; no changes, analogous to pernicious 
anemia in the human, were found in these animals. Thus, anemia, 
per se, cannot be the cause of these lesions; the real cause, probably, 
being a toxin. 

That the toxin, and not the anemia alone, is responsible for the 
cord changes, has thus become the generally accepted theory. As to 
its source, nature and mode of action, however, we are still completely 
at sea. If we were to accept Naegeli’s view, that pernicious anemia is 
always a toxogenic anemia, coming from a variety of sources, notably 
such as the Bothriocephalus, pregnancy, syphilis, and malaria, and that 
a pernicious anemia may in reality, therefore, at times be a secondary 
anemia and amenable to treatment, the problem would become greatly 
simplified. His definition, however, is not accepted by all writers, and 
many, perhaps most of them, insist that a true pernicious anemia must 
be essential, or idiopathic, and some add, fatal, and that therefore, any 
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demonstrable etiologic factor would at once place it into the class of 
secondary anemias. This leaves us in a difficult position. Nonne 
evaded this difficulty by substituting the term “lethal anemias.” 

It may be in order here to remark that this looseness in the ter 
minology must be kept in mind in reviewing the literature, and in 
interpreting the necropsy reports. Thus, for example, we again and 
again find syphilis present in the cases reported under the caption, 
“pernicious anemia”; the findings in such cases are obviously rather 
hazardous to interpret. 

For this paper, therefore, I have used only such cases of anemia 
as would be classed under the term “primary idiopathic.” With this 
slight digression, we can again turn our attention to a brief considera 
tion of the theoretical toxin, or toxins, at work. 

Minnich was the first to suggest that this toxin might be of gastro 
intestinal origin; more recently attention has been directed to the 
tonsils and teeth. 

Blankenhorn, in a clinical study of the blood serum of pernicious 
anemia patients, made the observation that those patients, in whom the 
serum yielded the strongest Pettenkoffer reaction, showed, clinically, 
the greater involvement of the central nervous system. He, therefore, 
concluded that it was the presence of large amounts of bile salts in 
the blood that was responsible for these neurologic manifestations. 

Our understanding of the mode of action of these toxins is little 
better. According to a good many authors it is but one toxin that is 
responsible for both the blood vascular changes, so frequently observed, 
and the neuronal degeneration (Johnson); others regard it as more 
selective in its properties, and consider this specificity, plus a differ 
ence in resistance, inherent in various structures of the central nervous 
system, as an explanation of the localization of the destructive process 
(Russell, Batten and Collier) ; still others insist that there must be at 
least two separate and distinct toxins at work, one having an affinity 
for the red blood cells, the other, an affinity for the fibers of the spinal 
cord (Reuling). 

Von Voss, in discussing this phase of the subject, does not come to 
any such definite conclusions, but leaves the question sub judice; the 
changes may accordingly be due, (1) to one toxin causing both the 
anemia and the cord changes; (2) the toxin may be indirectly pro- 
duced by the anemia, and then bring about the changes in the spinal 
cord; and (3) the anemia itself may act as a toxin, which through 
malnutrition causes the alterations in the cord. 

The second hypothesis, in a slightly altered form, is also advanced 
by Bonhoeffer, who, in discussing the psychoses occasionally observed 
in pernicious anemia patients, does not consider these specific reactions 
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as due to a toxin, but supposes other changes in the brain cells them- 
selves or in their metabolism to be interposed—a view gaining 
increasingly wider acceptance in analogous conditions, as, for example, 
between alcohol and delirium tremens, as opposed to alcohol and 
drunkeness. 

That the lesions found in the central nervous system are the result 
of toxin action can hardly be questioned; nor can it be doubted that 
anemia in itself can and does render the nervous elements more sus- 
ceptible to the actions of these toxins. Any further statements are 
purely hypothetical and unwarranted on the basis of our present 
knowledge. 

A most animated discussion has been that which centered around 
the pathologic mechanism, instrumental in producing the so-called 
Lichtheim foci and the subsequent condition of combined sclerosis. 
According to the first theory advanced, it was the blood vessels which 
through hyalinization, thrombosis or rupture, were considered respon- 
sible for these lesions. 

Minnich, in a series of five cases of pernicious anemia, free from 
neurologic symptoms clinically, and which subsequently came to 
necropsy, found no lesions whatever in the nervous system, other than 
multiple hemorrhages, which he studied in great detail. These he 
considered fundamental in the production of the Lichtheim foci, and 
believed them analogous to the multiple hemorrhages occurring in the 
retina, pleura, pericardium, intestinal serosa, and meninges. As to the 
alterations taking place in the vessel walls themselves, he assumed the 
process to be initial in the perivascular lymph spaces and supporting 
tissue, with resulting lymph stasis, perivascular sclerosis, intimal thick- 
ening, vascular sclerosis, and consequent tissue destruction. Nonne’s 
views were essentially the same. 

While probably the majority of writers, among them Burr, Bullock, 
Johnson and Marburg, mention vascular changes, such as proliferation 
and swelling of the intimal cells, hyaline degeneration, and often com- 
plete thrombosis, their conclusions are not the same. 

According to Marburg, the localization of the pathologic process 
in the cord, corresponds to that area which is best supplied by blood 
vessels, and hence has transported to it the largest amount of toxin. 
Curiously enough, Brauwer and Blaukwip reverse this statement, 
saying that not the areas best supplied with blood, but those most 
poorly supplied, are the ones which suffer most extensively. Schmaus, 
here, as in multiple sclerosis, is a supporter of the lymph-stasis theory. 

While the “vascular theory” was for a time widely accepted, it did 
not long go unchallenged. It was pointed out that not only did the 
blood vessels in the diseased areas too often look normal, but also 
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blood vessels in healthy areas too often were much diseased (Bas- 
tionelli, Russell, Batten, and Collier, Jacob, Moxter, Von Voss, Put- 
nam and Taylor). It was likewise shown that in a great many cases 
there was no evidence, whatever, of hemorrhage ( Russell, Batten, and 
Collier). 

Relative to the lymph stasis theory, Lenel suggests that the swelling 
seen in the adventitial tissue may be only a stage in the “Abbauvor- 
gang,” and thus a result, rather than a cause, of the nerve lesions. 

An entirely different explanation is advanced by Rothmann, who 
found hemorrhages, atrophy, and destruction of the anterior horn cells 
in the gray matter. These, he argues, as does Teichmueller, are the 
changes which initiate the cycle of disintegration, while the alterations 
seen in the white matter are due simply to a resulting secondary 
degeneration. He insists further, that although these lesions are not 
always demonstrable microscopically, the injury is there nevertheless, 
and the mechanism the same. 

Goebel, on the other hand, though he also demonstrated changes 
in the gray matter, refutes this idea by saying that the changes in the 
gray matter are often missing, that the intensity and the localization 
of these changes do not correspond with those found in the white 
columns, and that in longitudinal sections, the commissural fibers are 
found to be intact. Additional evidence was supplied by Bastionelli, 
who noted that the white fibers were diseased only in the peripheral 
portions of the cord and that the gray matter, for this reason, could 
not be the primary seat of the degeneration. 

On account of the evidences of inflammation sometimes observed, 


and the occasional febrile course, it is thought by some (Boedeke and 


Juliusberger) that the process taking place here is really a true myelitis 
of the disseminated type. This, Nonne thinks, is also true of sepsis 
and senility. The fact, however, that inflammatory reaction, such as 
cell infiltration, is too often lacking, and that the gray matter is only 


exceptionally involved (Billings) argues against this view. 

Edinger, in support of his “Ersatztheorie” performed an experi- 
ment which has a direct bearing on the point under consideration. In 
the spinal cords of a number of rats, in which he produced an anemia, 
and which he then set to work by the ingenious device of suspending 
them by their tails, he found extensive degenerative changes, while 
in the cords of control rats, which were not anemic, no such changes 
could be detected. 

Finally, Dana has emphasized two other factors, which may be 
at work in this disease and which may be instrumental, first, in deter- 
mining the characteristic localization, and, second, in deciding which 
patients are to get a combined sclerosis, and which are to remain 
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altogether free from it. It is in reality the peripheral ends of the 
axones of the pyramidal cells and of the posterior ganglion cells that 
bear the brunt of the destructive process; this, he says, may be due 
to the distance of this portion of the nerve fiber from its trophic center. 
Relative to the second point, he suggests that this may be explained by 
individual predisposition ; that those persons hereditarily endowed with 
“weak cords” will be the ones to suffer from a complicating cord 
degeneration, while those who were not so predisposed, will escape. 

A not infrequent finding in the spinal cords of pernicious anemia 
patients is the presence of cavity formation (Baumler, Camac and 
Milne, Bullock, Friedlander, and Henneberg). Boedeker and Julius- 
berger described peculiar stafflike structures as occurring, associated 
with a few of the anterior horn cells; these were at times scattered 
throughout the entire cell, at times in only a portion of it, then again 
partly within the cell and partly in the pericellular space, and some- 
times entirely within the latter. These structures, stained green with 
iodin, red-brown with basic fuchsin, were present in the Marchi sec- 
tions, and remained unstained with methylene blue, eosin, and hema- 
toxylin. 

While the foregoing is a rather fragmentary and disconnected 
review of this aspect of pernicious anemia pathology, it is not the 
object of this paper to enter on a discussion of the many theories 
advanced, save only in so far as may be necessary to explain the 
pathologic changes noted in the cortex. 

The literature bearing on the clinical manifestations of cortical 
origin is not so voluminous as is that concerning the spinal cord ; how- 
ever, in recent years, attention has been directed this way, and numer- 
ous cases, in which psychotic manifestations were noted, have been 
placed on record. Already Addison, in 1855, when he first described 
the disease, spoke of the occasional wandering of the mind, and, indeed, 
a terminal delirium, usually of a mild type, is one of the commonest of 
the mental phenomena noted. There appears to be no law according 
to which these disturbances develop, and the psychic alterations may 
run the entire gamut of mental symptomatology. 

In cases which develop some of the better defined types of psy- 
choses, such as manic depressive insanity, it is probable that an indi- 
vidual predisposition was present, the pernicious anemia being really 
more or less independent of the mental disorder; when this has not 
been the case, however, the majority of writers have come to the 
conclusion that the individual may be altogether free from any neu- 
rotic tendency, the psychosis being then placed in the category of the 
exhaustion (Bonhoeffer, Meyer) or infection-intoxication psychoses 
( Siemerling). 
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Putnam and Taylor consider a neurotic tendency fairly common, 
and noted in their patients, as a rule, an exaggeration of native traits 
Church describes the mental condition as one of a continuation of the 
dream state, which these patients cannot shake off on being roused 
and which usually subsides spontaneously on further stimulation 
Picket, from a study of seven cases, gives the composite mental pic 
ture of these patients as a shallow confusion with impairment of 
ideas of time and place, increasing on awakening from sleep; illusions, 
particularly of identity, are common. NHallucinations and persecutory 
delusions may arise. “The pernicious anemia is mainly an abeyance of 
the mind.” Very often the psychosis may simulate a general paresis 
(Marcus, Camp) ; Korsakow’s syndrome has also been noted following 
a delirious condition (Bonhoeffer). 

Just as cord symptoms may appear long before there is any evi 


dence of the underlying pernicious anemia, so mental symptoms may 


appear in persons who may be somewhat anemic, but in whom the 
diagnosis of pernicious anemia would not be warranted. This was 
well shown in a case reported by Marcus, and also emphasized by 
Langdon, who in a series of cases, some of the patients having definite 
pernicious anemia, others having more or less severe anemia, desig 
nated the condition as “pre-pernicious anemia.” Likewise, these symp 
toms are strikingly transitory, and usually improve, pari passu, with 
an improvement in the physical state (Grawitz). 

Kraeppelin, although he discusses the relation of anemia to psy- 
choses at some length, does not mention pernicious anemia in par 
ticular, and concludes by saying that it is not clear whether the anemia 
is a causative factor or an accidental accompanying condition. 

The contributions of Barrett are particularly illuminating. Among 
650 necropsies on insane persons in Michigan, he reports that there 
were fifteen cases of pernicious anemia, and suggests that this disease 
may play a larger role in psychiatry than is now supposed. In his first 
study of nine cases, two resembling dementia praecox, one manic- 
depressive insanity, and six asthenic with paranoid feature, he con 
cluded that, as a whole, these patients had in common, irritability and 
suspiciousness, which formed the groundwork for delusions of perse 
cution, the content of which was generally influenced by the somato- 
neurologic symptoms. In several cases hallucination and confabulation 
occurred, suggesting a Korsakow’s psychosis. There was no marked 
deterioration, and comprehension and orientation were usually clear, 
except for a rare episode. In two instances there was slight expansion. 
In a number of cases there were remissions in the mental condition 
which ran parallel to those on the physical side. In all but one there 
was a hereditary predisposition, which he regards as of considerable 
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importance. He classifies these cases among the paranoid conditions 
which are symptomatic of a toxic-organic process affecting the central 
nervous system, analogous to those found in tabes, alcoholism, and 
certain drugs intoxications. 

Only a few of the cases reported present symptoms referable to 
other parts of the central nervous system, outside the cord. Among 
these optic atrophy stands first and has been several times noted ( Rus- 
sell, Bastionelli, Putnam and Taylor, Bramwell). Collier, however, 
declares it to be a decidedly uncommon occurrence, having been found 
but once in fifty-eight cases, and in this one instance, being probably of 
syphilitic origin. 

Various attacks of cortical origin have been described, such as a 
sudden feeling of cold and death in an extremity (Eichorst), light 
hemiparesis of the face (Immermann), passing hemiplegic attacks 
(Mueller, Nonne), which may be accompanied by convulsive seizures 
(Mueller and Bierner), diplopia ( Russell, Batten, and Collier), sudden 
severe headaches (Hawthorn), and total blindness from extensive soft- 
ening of the occiptal lobes ( Wicher). 

As to the pathologic lesions found in the brain itself, comparatively 
little has been published. Birulja, in 1894, found numerous small 
blood extravasations, accumulations of lymphoid cells, pigment masses, 
and diminished tincture with carmin. Ransohoff noted inflammatory 
foci in the brain and cord. Mott described marked changes in the 
corticopyramidal cells, and on examinations with the Marchi method. 
showed degeneration in the whole pyramidal system, from the cortex 
downward. Spiller, however, takes exception to this diagnosis and 
looks on it as a case of amyotrophic lateral sclerosis, associated with 
anemia. This author found changes as high as the middle of the pons, 
which he considered retrograde. Preobrajensky has described two 
types of foci occurring in the medulla, cord, and cerebellum—1, mili- 
ary sclerotic foci accompanying the blood vessels, and 2, miliary foci 
from disintegreation of the nerve substance. 

Schroeder regularly finds miliary foci occurring in the brain in 
lethal anemias, not found in other diseases. These differ somewhat 
from the Lichtheim foci and are usually about 80 to 100 microns in 
diameter, globular or slightly oblong, always isolated, and generally 
widely separated from each other; they are in close relationship to the 
blood vessels, each one having a capillary in its center, and display no 
selective localization. They are most readily found in Nissl-stained 
sections, in which the center appears clear, containing sometimes a few 
blood cells, and the periphery blue, being made up of more or less 
degenerated glia cells. These “Ringwallherdchen” have no relation to 
the plaques found in the spinal cord. 
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Barrett has reported findings in eleven cases, which are exceedingly 
interesting. The Nissl bodies he found often markedly disintegrated, 
a few cells showing the characteristic axonal degeneration. The neu 
roglia cells were, as a rule, moderately increased and had a tendency 
to group arrangement; in some of them mitotic figures were noted. 
Rod cells and cells of odd shapes were present in the cortex in consid- 
erable numbers. Degenerative changes in the blood vessels and pig- 
ment deposit were common. The striking finding, however, was that 
of typical Lichtheim placques in four of the eleven brains examined, 
ten of which showed distinct pathologic changes. These changes, he 
concludes, were such as occur in conditions of chronic intoxication and 
resemble those found in chronic alcoholism. He also found in one of 
the brains (Case 2, M. T.) the foci described by Schroeder. 

Pfeiffer, in a very careful histologic study of the cortex, found a 
good many cellular changes, the most frequent of which was swelling 
of the ganglion cells, invariably associated with hyperpigmentation. 
These changes are similar to those found in psychoses of toxemic 
origin. 

REPORT OF CASES 


Seven brains, in all, were available for study. These had been fixed in for- 
maldehyd solution and were now cut in the frontal plain so as to obtain sections 
about 8 mm. in thickness through the entire brain, from each of the following 
levels: (1) section just anterior to the genu of the corpus callosum; (2) sec 
tion 0.5 cm. posterior to the optic chiasma; (3) section through the center of 
the cut surface of the crura cerebri, the cerebellum and pons having been 
removed; (4) section cutting through the posterior end of the splenium corporis 
callosi; (5) section through the middle of the pons and that portion of the 
cerebellum overlying it; (6) section through the medulla and the cerebellum 
at the middle of the olive. These blocks were then mordanted, imbedded in 
parlodion—celloidin being practically off the market—cut under alcohol, by 
means of the large Edinger microtome, into sections 50 to 100 microns in thick 
ness, and stained by the Weigert and the Pal-Weigert methods, the Van Giesen 
counterstain being added to some of them. 

Since the Weigert sections of four of these brains showed marked evidences 
of disease, frontal sections cutting through the entire brain at levels corre- 
sponding to the Weigert sections were also prepared and stained with osmic 
acid according to the method of Marchi; supplementing these, Marchi sections 
were also prepared from certain other areas of these brains. The Marchi sec- 
tions from the remaining three brains, while not cutting through the entire 
brain, were sufficiently large and numerous to permit a careful and satisfactory 
study. Silver sections were prepared by the Bielschowsky method, the pyridin 
modification for the preparation of serial sections as well as the method described 
for frozen sections, being employed. For general histology and cell study, rep- 
resentative areas of the cortex were stained by means of hematoxylin and eosin, 
thionin, toluidin blue, and neutral red. The Lichtgruenfuchsin stain, devised 
by Alzheimer, was employed for the demonstration of fuchsinophilic granula. 
Glia fibers and cells were studied by means of Weigert’s glia fiber stain and the 
new gold stain recently developed by Raymon y Cajal. The larger blood vessels 
at the base were stained with hematoxylin and eosin and with Weigert’s elastic 
stain in various combinations, 
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Case 1.—(Necropsy 14-113). History—The history shows the following 
G. M., 51 years of age, married, traveling salesman and a blender and taster 
of wine for twenty-five years, presented himself for examination Dec. 4, 1912 
His father died of heart trouble at the age of 42, and his mother of stomach 
trouble at the age of 62. One brother and two sisters were living and well 
His general health was good up to the age of 40, with the exception of a 
nervous, rundown condition for two or three months when he was 15 years 
old, during which time he was not confined to bed and from which he recovered 
completely. He also had measles, whooping cough, and was rather ill with 
chickenpox. There was no diphtheria, scarlet fever, pneumonia or typhoid 
Syphilis and gonorrhea were denied. Up to fifteen years previous to the exam- 
ination he used considerable wine and whisky, but since that time had been 
more moderate. He had always been a rather hard worker. He married at 
22, had one child, and his wife had one miscarriage, due to accident. He was 
married again at 33, there being no pregnancies during the second marriage. 
Eighteen years previously he received a slight injury to his back, which pro- 




















Fig. 1 (Case 4).—Weigert’s myelin sheath stain. Cross section of brain, 
showing gross appearance of degenerative foci, analogous to the so-called 
Lichtheim plaques occurring in the spinal cord in cases of pernicious anemia 


duced no symptoms at the time. About this time he also was considerably 
jaundiced and complained of pain and tenderness over the gallbladder region. 
He suffered a good deal from indigestion, but this bothered him little during 
the last four or five years. He also has been constipated for years. His present 
illness began in January or February, 1914, during which time his legs became 
easily cold and would ache, mostly in the shins and feet. This ache was sharp 
rather than dull, and was present especially when cold. He gradually began 
to get stiff in the legs; this at first caused no trouble in walking, but later on 
the toes began to catch. About three months previously he experienced some 
tightness about the waist, which was now largely gone. Two months previously 
he began to stagger in walking, which increased until about a month and a half 
previously, since when he had been unable to walk alone. For the previous 
two weeks there was also some drawing in the legs, together with a sensation 
of burning in the legs and buttocks. At this time he was said to have been 
rather pale. For one week or more he had some difficulty in urination, which 
began with sharp pains in the scrotum; the water was slow to start and dribbled 
at the last. He also had considerable difficulty in getting his bowels to move. 




















JUNE, 1918 
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Of late his appetite had not been very go d He always felt much worse in 
cold than in warm weather. For the previous two days there had been some 
edema of the left ankle. His color was fair, but growing somewhat pasty. 

[he systolic blood pressure taken on the day of examination was found to 
be 116 mm. Hg. 

Neurologic Examination.—-The neurologic examination showed the following 
Cranial Nerves: The sense of smell was found to be normal when tested with 
perfume. Vision was practically normal and the field of vision was good to 
a rough test. There was no central scotoma Fundus examination was not 
very satisfactory but the eye ground appeared to be normal in the right eye. 
There was no diplopia, no nystagmus, and movements of the external occular 
muscles were normal. The pupils were circular, the right being a little smaller 
than the left. Reaction to light was rather sluggish and reaction to accommo- 
dation normal. Functions of the seventh and eighth nerves were normal, as 
were also the tuning fork tests. Sensation over the distribution of the fifth 





Fig. 2 (Case 4).—Weigert’s myelin sheath stain. Lichtheim type of focus 


present in the corpus callosum. Magnified about 20 diameters 


was normal, save that the conjunctival reflexes were sluggish. The ninth, 
tenth, eleventh, and twelfth cranial nerves were normal. The speech was a 
little peculiar, however, it was probably always so. Muscles: There was some 
jerking of the legs, each jerk being accompanied by a sharp pain. The patient 
stated that this jerking was always aggravated when he became cold or very hot 
The dynamometric test of the hands registered about 38 on the right and 30 
on the left. The abdominal recti were normal. In the legs there was moderate 
weakness of the anterior thigh group on the right and great weakness on the 
left. The anterior tibial group was normal on the right but impaired on the 
left. Power in the calf muscles was poor on both sides. There was no special 
tremor of the extended fingers. Reflexes: The deep reflexes of the arm were 
a little below normal. The abdominal reflexes were all missing except twice, 
when a slight response in the right lower abdomen was obtained. The scrotal 
reflex was absent. Both knee kicks were very active. There was a double ankle 
clonus of rather short duration, somewhat better sustained on the left than 


on the right. Scratching for the Babinski reflex was decidedly painful cn -the 
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right, less so on the left; the left plantar was constantly extensor, the right 
was at first flexor and then extensor. Sensation: The patient said that he 
could feel the clothing on his feet and cutaneous sensation was practically nor- 
mal everywhere except for some slight impairment on the plantar surface of 
the toes of both feet and over the left shin. Subjectively, there was some 
numbness and prickling in the hands which was worse when he became cold 
The patient said that at times he did not know where his legs were, though 
he had an appreciation of the movement in his toes when wiggling them. Joint 
sensation in the toes was completely absent when tested objectively and impaired 
to a considerable degree in the ankle. Vibration sensation in the legs was 
normal. All stroking of the abdomen and chest with a dull instrument was 
painful. Coordination in the hands was fairly satisfactory, though there was 
a little awkwardness in handling things. In the legs there was distinct ataxia. 
Stereognosis was normal 





Fig. 3 (Case 2).—Weigert’s myelin sheath stain, Van Gieson counterstain. 
Plaques of degeneration found in the centrum semiovale, crus level. The one 
seen in the upper left hand corner is of the “palm-tree” type, in which the 
degeneration occurs at the point of bifurcation of a capillary. 


Course.—Jan. 1, 1913. The patient complained of some numbness and stiff- 
ness in the hands and arms. Practically all the swelling of the left foot and 
leg had disappeared. The patient said that he could pass water into a cold 
urinal, which he could not do before 

Jan. 19, 1913. The pupils were a little small and reaction to light and dis- 
tance was normal. Both legs jerked considerably. The deep reflexes of the arms 
were rather sluggish. The upper and lower abdominal reflexes were faint and the 
right was soon exhausted. The cremasteric reflexes were absent. Both Achilles 
tendon reflexes were active. There was a slight patellar clonus on both sides, 
as well as an easily exhausted ankle clonus, which was somewhat better on the 
left than on the right. There was a distinct Babinski phenomenon on the left, 
while on the right the plantar reflex was at times extensor, though usually 
flexor. There was possibly a slight disturbance of tactile sensation from the 
seventh rib downward, though there was no disturbance of pain sensibility, 
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Save possibly in the feet, where he often called the head of a pin the point 
The patient was sensitive to tapping and stroking of all parts of the bo 
sense in the hands seemed to be normal. The patient said that he stil 
legs at times, though he could usually tell when one leg was on top of the other 


" and which it was. Joint sense in the toes was almost completely lost. Vibra 
| tion sensibility was present over the malleoli and over the shins 
Feb. 5, 1913. The patient raised his legs from the bed fairly well; though 
| the left was somewhat weaker than the right. The deep reflexes in the arms 
| were not increased. Both patellar reflexes were very active; there was a patel 
| lar clonus present on the left and a very faint patellar clonu n the right 
There was a slight double ankle clonus of short duration. The Babinski phe- 
nomenon was positive on the left and doubtful on the right. Bowel and bladder 
ontrol was good 
| 
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Fig. 4 (Case 4).—Weigert’s myelin sheath stain. Another illustration of the 
relation which these plaques sometimes bear to blood vessels. This particular 
one was present in the fibers of the optic radiations 
June 7, 1913. The patient was getting out of doors and walked with ch 
assistance of a cane and the occasional support from a building. His legs were 
very stiff. He had never been quite wholly free from the prickling sensation 
and thought that it was a little worse of late The grip of the right hand 
registered 45 and of the left 35. The right plantar response was flexor and 
} the left doubtful. There was no clonus. On the plantar surface of the right 


index finger he felt pin pricks a little less distinctly than on the left side. Th 


blood pressure was 154 mm 
June 22, 1914 Last winter the patient grew considerably worse nd did not 


improve much during the summer. He began failing mentally, was extremely 


irritable and unreasonable, and several times struck at his wife. He had had 
distinct spastic phenomena and a good deal of sensory impairment. When 
seen two days ago there was distinct hypotonia and no clonus could be obtained 


He ultimately became very stupid and died without any special further change 
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Vecropsy.—Death occurred June 22, 1914, a necropsy being performed while 
the body was still warm. The necropsy protocol was as follows 

The body is that of a well developed, well nourished man, 168 cm. in length 
There is slight rigor mortis in the upper extremities. Lividity is present in 
the dependent portions. The pupils measure 5 mm. in diameter and are equal. 
rhere is no edema. A few small ulcers are present on the posterior surface 
of the sacrum. The peritoneal cavity contains no excess fluid. The subcutane- 
ous tissue anteriorly is 2.5 cm. in thickness. The appendix is 12 cm. in length 
and is bound down by a few old adhesions. The diaphragm extends to the 
fourth intercostal space on the left and to the fourth rib on the right. The 
pleural cavities show small fibrous adhesions at the base of the right lung with 
no excess of fluid in either cavity. The pericardial cavity contains no excess 
fluid. The heart is normal in size, the epicardium and endocardium are clear 
and smooth, and the valves thin and soft. The myocardium is of a pale reddish 
color and fairly firm. The root of the aorta shows no gross lesions. The 

















Fig. 5 (Case 2).—Weigert’s myelin sheath stain. Lichtheim focus, associ- 
ated with a small blood vessel, present in the brachium conjunctivum. 


lungs crepitate throughout and the posterior portions are somewhat heavier 
than the anterior. The cut surfaces show a small amount of bloody, frothy 
exudate. In one area of the right lung, a small amount of pus can be 
expressed from the bronchioles. No nodules are palpable. The spleen shows 
a slightly wrinkled capsule. The cut surface ‘s of a reddish color and fairly 
firm. The pulp scrapes with some resistance. No special markings are visible. 
The liver is somewhat smaller than normal, the capsule is smooth and clear, 
and the cut surface shows no special features. The pancreas and gastro- 
intestinal tract appear normal. The adrenal shows no gross lesions. The 
kidneys are of normal size. The capsules strip with a little resistance. The 
cortices are about normal in thickness and the demarcation between the cortex 
and the medulla is fairly sharp. The bladder and genital organs were not 
removed. On removing the dura mater, the subarachnoid space is found enor- 
mously distended with a thin clear fluid. The arachnoid is thin and translucent. 
The arteries of the brain are soft. No pathologic condition is present in the 
brain substance from external examination. The subarachnoid space of the 
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cord is distended with a thin clear fluid. Sections of the spinal cord in the 
cervical, thoracic, and lumbar regions show areas of degeneration in the white 
substance which are rather diffuse, except in the cervical region where the 
column of Goll is sharply circumscribed and degenerated. The bone marrow 
from the central part of the shaft of the right femur is of a yellowish white 
color. In the upper third of the femur, near the posterior portion, the marrow 
is found to be of a deep red color. 

Microscopic Examination——The heart shows several small areas of fibrosis. 
The lungs and adrenals appear normal. The liver shows a marked atrophy 
of the hepatic cords with a small amount of pigment. There are also evidences 
of a slight chronic passive congestion. The kidney shows a few small patches 
of fibrosis near the capsule, but is otherwise normal. The spleen shows some 
atrophy with a hyaline degeneration of the arterioles. In the spinal cord the 
majority of fibers of the white columns are degenerated; this is especially 
marked in the posterior and lateral] columns; those fibers which are in con- 




















Fig. 6 (Case 2).—Weigert’s myelin sheath stain. Gyrus fusiformis, showing 
the small circular foci found in the medullary substance just underlying the 
marginal gray layer, corresponding probably to miliary foci described by 
Preobrajensky. 


tact with the gray substance are not degenerated. The bacteriologic examina- 
tion of the heart's blood shows no growth. A smear made from the pus 
expressed from one of the bronchioles shows bacteria of various kinds. The 
anatomic diagnosis was as follows: 1. Combined sclerosis of the spinal cord; 
2. edema of the brain; 3. pernicious anemia ( ?). 

Examination of Brain—The brain is of normal size and rather pale. The 
membranes are somewhat opaque along the blood vessels and show some edema. 
The convolutions are normal in appearance. The blood vessels at the base are 
moderately thickened and slightly tortuous. A few slight atheromatous patches 
are also noted. 

Weigert Sections: Sections through the frontal lobes: On the right side 
of the brain, a little above the midline, and well within the substance of the 
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centrum semiovale, are a dozen or so irregular areas, about 0.5 mm. in width 
and 1 to 2 mm. in length, in which the white fibers do not stain. These areas 

are associated with capillaries which they sometimes surround concentrically, 

though more often lying somewhat or altogether to one side; the edges are 

irregular and ill defined and there is a distinct tendency for the degenerated i 
areas to spread in the direction of the fibers. Sections through the level of 
the chiasma: Grossly there is seen a small triangular area of degeneration 
in the upper portion of the lenticular nucleus, in the angle between the internal 
and external capsules, also a smaller area in the upper and outer portion of 
the caudate nucleus. Areas of degeneration, similar to those described above, 
are seen in great numbers in both semiovale areas, though somewhat more on 
the right than on the left, in the corpus collosum, and in the optic tract near 

















Fig. 7 (Case 4).—Marchi stain. « 50. An area of degeneration, constitut- 
ing possibly an early stage in the production of a Lichtheim plaque. Second 
temporal gyrus. 





the chiasma. Sections through the level of the crus: With the unaided eye 
one can see a sharply defined, wedge-shaped area of degeneration, the base of 
the wedge being directed upward, which involves the outer quarter of the 
putamen. The upper and outer portion of the caudate nucleus shows a similar 
degeneration about the size of a pea. Areas of perivascular degeneration appear 
scattered throughout the white matter. They are more numerous on the right 
side, where there are some twenty in number, than on the left, and are also 
seen in number, in the corresponding area on the left, in the corpus callosum 
and in the fornix. Under the microscope these changes are found to be more 
marked around the smaller blood vessels than around the larger ones; marked 
ballooning of the myelin sheaths is seen, particularly at the periphery of some 
of these areas. Sections through the occipital lobes: The same areas of degen- 
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eration appear but are less numerous than in the preceding section. They are 
particularly numerous in the corpus callosum and in the fourchette, although 
they occur in smaller numbers in all other portions of the white matter. In 
the marginal gray layer of the gyri, is seen, surrounding some of the blood 
vessels, a distinct halo. Sections through the cerebellum: Under the dentate 
nucleus is found an area of perivascular degeneration similar to those described 
above. Sections through the pons: In the left brachium conjunctivum is a 
typical Lichtheim focus with marked ballooning of the fibers. A similar but 
somewhat smaller focus is seen in the left brachium pontis. Other structures 
in this section appear normal. 

Marchi Sections: Sections through frontal lobes: The sections show a 
rather diffuse degeneration of moderate intensity with some accumulation of 
pigment in the perivascular spaces. There are also seen a number of rela- 
tively pale areas, with poorly defined margins, surrounding some of the blood 
vessels. The corpus callosum shows no more degeneration than is found in 




















Fig. 8 (Case 1).—Marchi stain. *« 50. Area of extensive degeneration in 
centrum semiovale, level of the crus. 


other portions of the section. The pyramidal cells are all rather more deeply 
pigmented than is normally seen. Sections through level of chiasma: There 
is a diffuse, rather marked degeneration throughout the white matter of the 
section, which is particularly prominent in the fibers passing from the surface 
toward the internal capsule. Small, circular, pale areas, which are rather 
sharply defined, appear in moderate numbers in both the marginal gray and 
the submarginal white matter. The pyramidal cells of the cortex appear normal. 
Sections through level of crus: Here are seen very numerous foci, formed by 
deposits of blackened granules, most of them having a definite relation to the 
blood vessels; these are particularly numerous in the centrum semiovale, where 
the degeneration is very intense. As the crus is approached, the degeneration 
is seen to be older, on the whole, though recently degenerated fibers are scat- 
tered throughout. Although the degeneration is most marked around the blood 
vessels, the intervening areas also show a considerable disintegration of the 











808 H. ul WOLTMAN ARCH. 


nerve ers [hat portion of the cortex occupied by fibers of the optic radia- 


tions, also shows a marked deposit of small and somewhat dusty granules 
All stages of degeneration can be followed in various parts of the section: The 
primary ballooning and browning of the fibers, the formation of Elzholz cor- 
puscles, chains of coarse black beads, disintegration of these into finer granules, 
and their transport in “Abbauzellen,” to the perivascular spaces. The pyramidal 
cells which overlie these areas contain no more than the normal amount of 
pigment. The basal nuclei are normal in appearance, save for the accumula- 
tion of a small amount of perivascular pigment. Sections through occipital 
lobes: Grossly one can see pale areas, presumably perivascular, which appear 
somewhat as was noted in the Weigert sections. The degeneration of this por- 
tion of the cortex is well marked and most intense in the fibers of the optic 
radiations and of the corpus callosum. As in the preceding sections, all 
stages of degeneration can be noted. Perivascular areas of degeneration are 
seen here and there, together with varying amounts of fatty accumulations. The 


pyramidal cells here are rather markedly pigmented, particularly in the lower 








~ oo 
" - bes 
a te 


‘ . ~*r 
Ls i. 











Fig. 9 (Case 1).—Marchi stain. 100. Portion of Figure 7, under higher 
magnification 


portion of the occipital lobes, some of the cells, and this is notably true of those 
in the third pyramidal layer, being in many instances completely replaced by 
pigment. There appears to be no definite relationship, however, between the 
degree of hyperpigmentation of these cells and the degeneration of the fibers 
underlying. Sections through olives and the overlying cerebellum: There is 
a rather diffuse degeneration noted throughout the white matter of the section. 
In the cerebellum this is particularly marked in the peduncle of the flocculus and 
in those fibers which descend from the dentate nucleus, where the evidences of 
degeneration are marked. In the cross section of the medulla, degeneration 
of the pyramidal tracts is rather marked, these being thereby sharply demarcated 
from the other parts of the section; there is also evidence of degeneration, 
which is older than that seen in the pyramidal tract, in those areas occupied 
by the spinocerebellar tracts. A rather slight degree of stippling is seen through- 
out the remainder of the section occupied by the white matter. Sections through 
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the brain stem at the level of the corpora quadrigemina inferior Chere is 
a rather extensive degeneration in the formatio reticularis and a somewhat 
milder grade of degeneration in the lateral and medial fillets, where there is 
a good deal of pigment accumulated in the perivascular spaces. The pyramidal 
tracts show a like degree of disintegration, with typical beadlike formation of 
Marchi granules, where some of these fibers have been cut in a slightly longi- 
tudinal direction. The small amount of stippling in the brachium pontis is 
probably pseudo-Marchi in character. Sections through the upper portion of 
the pons and medulla, at the level of the fifth nerve Here a moderate degen 
eration is seen in the median fillet and in the pyramidal tract. There is also 
some blackening of the fibers evident in the intramedullary portion of the fifth 
nerve as well as in those fibers which pass over the brachium conjunctivum, 
which may belong either to the lateral fillet or to Gowers’ tract. The remainder 
of the section is perfectly clear. 




















Fig. 10 (Case 4).—Marchi stain. 100. Showing degeneration present in 
he corpus callosum. Cross section of brain just posterior to optic chiasma. 


Bielchowsky Sections: In the serial Bielchowsky sections are seen many 
blood vessels which are surrounded by areas lighter in color than the surround- 
ing tissue, from which they are not sharply demarcated, in which the fibers 
appear to be disintegrated; axis cylinders, on passing through such an area, 
tend to become pale, somewhat granular and ultimately to disappear. The 
neurofibrilli within the cells do not stain well, in general, though in those 
instances in which they can be seen, they look entirely normal. 

The neuroglia tissue, on the whole, as seen in the Weigert glia-fiber and in 
the Ramon y Cajal glia cell sections, appears to be normal, though there is 
possibly a diffuse increase in the glia cells and in the glia processes, some of 
which appear to be very massive and wavy, particularly in those sections pre- 
pared from the frontal lobe 

In the sections stained with hematoxylin and eosin are found certain areas 
in the white matter which are of a pale, grayish-blue color, varying in size from 
0.01 to 0.1 mm. in diameter. These areas look as though they might hav 
been produced by some distention of the interfibrillar substance, there being no 
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particular change in the surrounding tissue. As a rule the margin is fairly 
sharp. In a good many instances this same cribriform appearance can be seen 
surrounding the perivascular spaces, which probably correspond to the areas 
of the same size seen in the preceding sections. In a number of instances the 
nuclei of glia cells within these areas can be seen in various stages of degen- 
eration, as shown in Figure 13. These changes are especially noted in the 
temporal gyri and about the calcarine fissures. In the right putamen, near 
the ventricular wall, is seen a fairly recent hemorrhage about 1 mm. in diameter. 

Thionin, toluidin blue and neutral red sections: On the whole these sec- 
tions present a fairly normal appearance. The cyto architecture is undisturbed 
and the cells stain fairly well, although the Nissl bodies are not as distinct 
as one normally sees. A few of the cells show a rather indistinct outline, 
which is often much distorted, and the dendrites are usually poorly defined. 
Vacuoles of varying sizes can be observed, and the nuclei are often eccentric 


and in several instances partially extruded. These changes occur to some extent 














Fig. 11 (Case 3).—Marchi stain. « 100. Area of degeneration in proximity 
to blood vessel. Compare with Figure 14. 


in all of the layers but are found most marked in the deep and superficial large 
pyramidal cells. Typical axonal reaction was found in two or three instances 
in sections from the right Rolandic area. All of these changes, with the excep- 
tion of the axonal reaction, were found particularly marked in the frontal, 
Rolandic, and temporal lobes. In sections from the calcerine area one also 
finds a slight degree of perivascular, small, round cell infiltration. The cere- 
bellum and basal nuclei showed no changes of interest. 

In the fuchsin-lichtgruen sections, 3 microns in thickness, prepared according 
to Alzheimer’s instructions, most of the cells appear practically normal, though 
a good many contain, scattered throughout the cell, small, brilliant-red, fuchsin- 
ophilic granules, which vary in number from two or three to twenty or more 
granules to a cell. One cell was found completely filled with such granules. 
This stain also shows very beautifully the granules which are stained black 
by the osmic acid of Flemming’s solution, some of them being very small, others 
very large, evidently formed by the coalition of the smaller granules. 
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The blood vessels at the base show a moderate hypertrophy, principally of 
the media, though the intima also shows a slight thickening. This hypertrophy 
is concentric and uniform throughout the periphery of the vessel. The elastic 
tissue is normal in amount. 

Case 2.—( Necropsy 759). History—Mr. A. R. S., 42 years of age, engaged 
in railroad construction, doing very hard work and being very much exposed, 
presented himself for examination May 19, 1908. He was married, had four 
children, three of which were living and well and one of which died of spina 
bifida. His father died at 77 years of age of an unknown cause and the mother 
at 65 of “cold.” Two brothers died from excessive use of liquor, and one 
brother, a twin with the patient, died when he was 1 week old. There are 
three brothers living and well. During the first six months of his life the 











Fig. 12 (Case 2).—Marchi stain. 50. Showing an area of perivascular 
degeneration and accumulation of “Abbauzellen.” 


patient was weakly, but after that grew well and strong. Had measles, scarlet 
fever, and diphtheria in childhood but was never seriously ill. He had a Neis- 
serian infection about fifteen years and again eight years prior to examination, 
from which he recovered. Denied having ever had syphilis. For ten years the 
patient was a very heavy drinker, but said he had taken nothing during the 
previous six years. In June, 1905, he was struck on the head by a bar which left 
no contusion or lump, though he regularly after that noted an occasional sharp 
pain in the top of his head. Some four months later the scalp broke and there 
was a discharge of a little pus; two weeks later the diseased area was cut 
out and in a short time his scalp was wholly well. He had no other injuries 
of consequence. About the same time the patient noticed that he wanted more 
clothing for sleep than formerly. At that time he had completed a hard three 
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days’ tramp in the rain, going almost wholly without food. He said that 
he had never been well since. He also noticed that he became more easily 
irritated than before. During all this time he noticed no anemia. Since then 
his health had varied somewhat and at times he would feel entirely well, and 
then, for a few days would have a vague sense of being unwell. In November, 
1906, he noticed a beginning numbness in his fingers and in his toes, and in 
two weeks this sensation spread through the arms and legs to the body, where 
it had been present more or less ever since. He also noticed trouble in walking, 
which bothered him a good deal for three months. Always slept well until 
this time, but since then he had been bothered somewhat with insomnia. About 
this time he began to be very pale and suffered some from shortness of breath. 
He began taking cold water baths and massage and gained in weight from 
185 to 210 pounds, but caught cold, after which he felt very sore for two or 
three days and lost all the weight he had gained. In March, 1908, he visited 














Fig. 13 (Case 3).—Hematoxylin and eosin. X 200. One of the sievelike 
areas occurring in the medullary substance. This one was located near the 
sensory-motor area and contained a more or less necrotic center. 


the Mayo Clinic, where his case was diagnosed as pernicious anemia. For 
nearly a month he improved very much but again caught cold and lost all pre- 
vious gain. Since then he had also had much pain in the base of his head and 
more recently between the shoulders and in the hands and arms. There was 
also some numb feeling in the legs. There were no shooting pains in the legs 
or cramps in the abdomen. The bowel and bladder control was normal at the 
time of examination. 

Examination.—On examination the patient appeared to be extremely anemic 
and the skin had a lemon yellow hue. His weight was 180 pounds. There was 
a double inguinal hernia. The patient walked with the greatest difficulty and 
it was not possible for him to stand with his feet close together. The pupillary 
reactions were normal. The tongue was distinctly tremulous, moderately coated 
and projected straight. When first seen there was a marked increase in the 
patellar and Achilles tendon reflexes and objective tests revealed a little sen- 
sory disturbance. There was an ankle clonus on both sides and a double Bab- 
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inski phenomenon. Subsequently, though his anemia growing steadily 
worse, his reflexes gradually approached normal, finally became diminished, and 
ultimately disappeared. There was some diminution of touch and pain sensi- 
bility in the hands and in the feet, and a very marked loss of joint sensibility 
in both the hands and the feet. Toward the end he developed marked mental 
symptoms which began with some degree of mental sluggishness, and just 
preceding death developed into a distinct delirium. His blood, examined on 
March 30, 1908, showed hemoglobin 47 per cent.; red count 1,700,000; color 
index 1.3+; 3,000 leukocytes, a few myelocytes, and some anisocytosis. Apri] 6 
the hemoglobin was 47 per cent.; April 11, 35 per cent.; May 4, 57 per cent., 
and May 11, 53 per cent. 

Necropsy.—The patient died Sept. 8, 1908, necropsy being performed twenty- 
one and a half hours after death. The notes showed the following The 
patient was a well developed person, with fair general nutrition. The body had 














Fig. 14 (Case 5).—Hematoxylin and eosin. 200. Section cutting through 
the left calcarine fissure, showing one of the numerous sievelike areas, in this 
instance surrounding a blood vessel. 


been injected with formaldehyd solution and contained scarcely any blood, all 
cavities being filled with this artificial fluid. There was well marked lividity. 
The heart was moderately enlarged and revealed a chronic valvular endo- 
arditis of the aortic, bicuspid, and tricuspid valves. Both left and right sides 
of the heart contained large chicken-fat clots. There was a moderate thick- 
ening of the intima of the aorta. The spleen weighed 282 gm. and showed, 
microscopically, a hyaline thickening of the blood vessels. The kidneys appeared 
to be normal at necropsy, though microscopically they showed an occasional 
sclerosed glomerulus. The lungs showed some thickening of the pleura and the 
alveoli contained a good deal of serum in the dependent portions of the lung 
and an occasional polymorphonuclear leukocyte. The adrenal was the seat of 
a new growth, possibly a hypernephroma. The bone marrow was lemon yellow, 
in color. The liver and the gastro-intestinal tract were normal. The pancreas 
showed a slight fatty change. The pituitary gland was somewhat congested 
and showed a slight increase in connective tissue. 
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Brain—The dura was normal in appearance, the sinuses were practically 
empty, and there was no evidence of pacchymeningitis. The brain was pale and 
gray-white in color. There was a marked edema of the pia-arachnoid, but 
no opacity. The contour of the brain and of the convolutions was normal in 
appearance. The ventricles were of normal size and the ventricular walls were 
smooth and glistening. Fixation was good. The blood vessels at the base 
showed no evidence of arteriosclerosis, the walls being very thin and tender. 
The spinal cord showed a marked combined sclerosis of the type seen in per- 
nicious anemia. 

Weigert Sections: Frontal sections: There is a certain amount of peri- 
vascular degeneration present. In the medullary portion of the gyri, just under 
the gray layer, are found several small, circular, fairly sharply demarcated 
areas 0.1 to 0.2 mm. in diameter. There are about nine of these to the low 
power field. A few are also noted in the gray layer. Sections posterior to 





Fig. 15 (Case 5).—Hematoxylin and eosin. 200. Same area as above figure 
The substance filling the gland-like structure at the side of the vessel is seen 
to be filled with a hyalin-like material, basophilic in reaction, and resembling 
in all respects the material present in the perivascular space, from which it 
appears to have been crowded into the tissue. Compare with Figure 10. 


optic chiasma; There is a very definite area of perivascular degeneration 0.2 
by 0.4 mm. in size in the centrum semiovale, also one in the corpus callosum. 
The blood vessels appear to be normal. Sections through the middle of the crus: 
Some fifteen to twenty typical Lichtheim placques are noted in each centrum 
semiovale, also a number in the corpus callosum. These are about 2 by 3 mm. 
in size, and are usually associated with the blood vessels. In one instance a 
capillary is seen to be perfectly normal in appearance to its point of bifurcation, 
where a large degenerated area is found, the entire structure resembling a 
palm tree, as shown in Figure 3. In the gray matter of the gyri one finds a 
few of the pale globular areas described in the preceding case. Sections through 
the occipital lobes: There is considerable perivascular degeneration present 
in many places throughout the white matter. The sharply outlined circular 
areas, described as occurring in the medullary portions of the gyri, are found 
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here also. Sections through the pons: In the right brachium conjunctivum a 
perivascular area of degeneration can be seen. Sections through the olives and 
the dentate nucleus: Perfectly typical Lichtheim foci of small size, with dis- 
appearance and ballooning of the myelin sheaths, are seen in both corpora 
restiformes and in the pyramidal tracts. In all other respects, these sections 
are normal in appearance. 

Marchi Sections: Frontal sections: The small, circular, white areas seen 
in the Weigert sections just below the gray layer can be seen here as rela- 
tively pale areas. There is a very slight and diffuse stippling throughout the 
section, which is more marked in the fibers of the corpus callosum than else- 
where; the major part of this, however, is probably pseudo-Marchi in character. 
Sections through the optic chiasma; These sections are practically normal in 
appearance except for a slight deposit of granules in the perivascular spaces in 
the gray matter. Sections 0.5 cm. posterior to the chiasma: There is a definite 
though moderate degeneration in the fibers of the corpus callosum; the optic 








Fig. 16 (Case 3)—Hematoxylin and eosin. 200. Left pre-Rolandic gyrus 
Three areas of pericéllular destruction are noted, the lower right hand one being 
reproduced at a higher magnification in the following figure. 


tract is also moderately degenerated and shows the perivascular space of one 
of its blood vessels filled with an accumulation of pigment. Sections through 
crus: <A slight stippling is noted throughout the section, which is uniform and 
which may not exceed that seen in a normal case. There is, however, a very 
distinct, though rather slight degeneration of the fibers in the optic radiations 
The blood vessels throughout the section show a slight deposit of pigment in 
the perivascular spaces. Surrounding some of the blood vessels, both in the 
gray and in the medullary portions, is a pale halo. This is probably the counter- 
part of the light perivascular areas seen in the Weigert sections. Sections 
through occipital lobes: The degeneration in this portion of the brain is more 
definite than that seen further forward. A number of blackened areas can be 
seen occurring about some of the capillaries of the medullary substance which 
are composed of degenerated nerve fibers and “Abbauzellen.” Sections through 
the pons and the overlying cerebellum, cutting through the dentate nucleus: 
There is a striking degeneration in both corpora restiformes, which is more pro- 
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nounced on one side than on the other, in which there appears a marked balloon- 
ing of the fibers, together with an extensive deposit of Marchi granules. There 
is also a definite, though less intense, degeneration in the fibers of the pyramidal 
tract, together with a slight, diffuse degeneration of the remaining portion of 
the medullary substance. In the vicinity of the dentate nucleus, particularly 
among the descending fibers one also sees some degenerating fibers. Sections 
through the pons, at the level of the decussation of the fourth nerve: There 
is a somewhat diffuse degeneration of moderate intensity in the fibers of the 
pyramidal tracts, in the median and lateral leminisci, in the substantia reticu- 
laris, and in the decussating fiber of the fourth nerve. The blood vessels in 
these areas show a moderate amount of perivascular deposit. A smaller and 
somewhat thinner section taken through the temporal lobe shows probably some 
increase in the pigment of the cells, some of them, particularly those in the third 
temporal convolution, being almost a solid black. The majority of cells, how- 
ever, do not contain any excess pigment. The degeneration of the short com- 





Fig. 17.— 500. Showing in greater detail the pericellular area of tissue 
change. The pyramidal cell itself is practically normal in appearance. Two 
satellite cells are seen. 


missural fibers is apparently just as marked as is that of the longer fibers, and 
in the case of the third temporal convolution, there appears to be no more 
degeneration of the fibers than is seen elsewhere in the section. A longitudinal 
section of the internal capsule shows a slight, rather diffuse degeneration of 
these fibers; the blood vessels show only very slight perivascular deposits. 

Bielchowsky Sections: In the Bielchowsky slides one sees rather poorly 
defined elongated areas, which are paler than the surrounding tissue and which 
are usually, though not invariably, associated with blood vessels, as becomes 
evident from a study of the serial sections. These areas are formed by a 
rather pale staining, somewhat granular, flocculent material; the approaching 
axis cylinders are seen to become pale, wavy, granular, and finally disintegrated. 
A number of apparently normal fibers can usually be seen passing through these 
areas. Sections taken from the thalamus are normal, except for the presence 
of a perivascular area similar to those just described 
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The glia fibers and glia cells of this brain are perfectly normal in appearance 
In sections stained with hematoxylin and eosin, one sees a number of pale 
areas, of uncertain definition, in which the fibrillar structure is seen grouped in 
somewhat coarse, wavy bundles. These areas are particularly numerous in the 
Rolandic and occipital areas of the brain, and probably correspond to the lighter 
areas seen in preceding sections. Some of these show a rather diffuse increase 
in glia cell nuclei. Sections stained with thionin and toluidin blue show the 
pyramidal cells to be practically normal in appearance, save for a slight tigro- 
lysis and occasional eccentricity of the nuclei. In the right Rolandic area one 
sees a moderate amount of satellitosis. Two instances of axonal degeneration 
were found in sections selected from the left precentral gyrus. In the right first 
temporal gyrus is seen a blood vessel filled with polymorphonuclear cells. The 
cerebellum appears to be perfectly normal. In some of the overstained ‘tions 
there are seen in the marginal gray layer, pale, more or less circular as; these 











Fig. 18 (Case 3).—Hematoxylin and eosin. 500. Pre-Rolandic gyrus, 
superficial large pyramidal cell layer. Two pyramids are shown, in different 
degrees of degeneration, the lower one being only moderately involved, while 
the upper one shows a more marked destruction. A neuronophage is seen in 
the lower cell also. 


not infrequently have in their center a nerve cell which shows sometimes slight, 
at other times very marked, evidences of degeneration. Only one such area 
containing a cell was found in the lichtgruenfuchsin preparations, the cell being 
perfectly normal in appearance. Four or five similar areas were found, though 
no cell could be seen in their center. No fuchsinophilic granules could be found, 
all the cells being apparently normal. 


Case 3.—(Necropsy 767). History—G. W. S., aged 40, married and a house- 
wife, presented herself for examination May 20, 1908. The father died at the 
age of 78 and the mother of some intestinal trouble, which may have been 
tuberculosis. There were three sisters living, one of whom had diabetes. There 
is some neurotic tendency in the family, and the patient herself had been ner- 
vous for the previous three or four years, and the previous winter began 
exercising. She incidentally took cold and subsequently there developed a sen- 
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sation of needles being pricked into her back and also a sensation in the 
foot as though the arch were falling. There later developed a feeling of weak- 
ness and numbness in the legs, which in the course of time reached her knees, 
thighs, and back. The patient gradually grew very much weaker and finally 
died, a diagnosis of pernicious anemia having been made. Unfortunately there 
was no full record of her examination at hand; it was known, however, that the 
patient showed a very marked increase in her patellar reflexes. 

Necropsy.—A necropsy was performed Sept. 20, 1908, the record of which 
follows: The body is that of an adult, well developed, but considerably emaci- 
ated female. Rigor mortis is well marked and there is slight lividity. The 
sacrum is a site of a moderate sized bedsore. The abdominal, pleural and 
pericardial cavities contain no fluid. The lungs are normal in appearance except 
for a few small areas of anthracosis and a number of peribronchial lymph nodes. 
The heart is normal in size, rather flabby and shows no evidence of endo- 





Fig. 19 (Case 3).—Hematoxylin and eosin. 500. Two pyramidal cells of 
the left superior temporal gyrus, surrounded by a zone of pallor, undergoing 
disintegration, only a trace of the pyramid to the right remaining. 


carditis. The spleen is moderately increased in size and cuts with increased 
resistance. In the kidneys of both sides are a very few small infarcts; the 
pyramids are distinctly congested, and the capsules, though somewhat thick- 
ened, strip readily. Microscopically are seen a few areas of hemorrhage and an 
occasional sclerosed glomerulus; scattered throughout the section are many 
foci of lymphoid cells. The liver shows some cellular infiltration of the border 
connective tissue, but is otherwise normal in appearance. The spleen is prac- 
tically normal save for some congestion and a hyalin thickening of the vessel 
walls. There are some adhesions between the right ovary and the intestine. 
The adrenals, pancreas and gastro-intestinal tracts present no pathologic changes. 
Cultures from the heart blood, spleen and liver showed a growth of Staphylo- 
coccus pyogenes aureus in all. 

Brain.—The scalp and the skull are normal. The dura is free, practically 
normal in appearance, and the sinuses almost empty. The brain is of a very 
pale, grayish-white color. The vessels at the base are perhaps a trifle thickened 
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and stand open, but there is no atheroma present and they feel soft. The 
choroidal vessels are normal in appearance. The pia arachnoid shows consid- 
erable edema and is slightly opaque. The convolutions are perhaps a trifle 
shrunken and the sulci a little deep over the convexity. The ventricular walls 
are smooth and glistening. There is possibly some dilatation of both ventricles, 
the left being a litle more dilated than the right. The spinal cord shows a 
very marked subacute combined sclerosis, such as is seen typically in cases of 
pernicious anemia. 

Weigert Sections: Frontal area: Two or three small but characteristic 
areas of degeneration, such as are found in the spinal cord, are seen in this 
section, which are unassociated with blood vessels. Surrounding a blood vessel, 
which was cut longitudinally, is seen an area of disintegration of the myelin, 
which is present in only a limited portion of its course, the rest of the surround- 
ing tissue being normal in appearance, as shown in Figure 4. In the medullary 
substance, under the cortical layer of gray matter, are seen a number of more 








. 20 (Case 1).—Raméon y Cajal’s gold stain for glia cells. 500. IIlus- 
trating the massive and wavy glia cell processes noted in some of the brains. 


or less circular areas of degeneration about 2 mm. in diameter, similar to those 
described in the preceding case. In certain locations they appear to push aside 
somewhat the radii passing into the gray matter. Sections passing through the 
posterior portion of the optic chiasma: The right temporal lobe, the island of 
Reil, and to a less extent the internal and external capsules, are rather pale 
and uniformly gray in color. In this area there is seen a marked increase in 
the number of small blood vessels, all of them being 1 mm. or less in diameter. 
The inferior temporal gyrus on this side is in part definitely softened, with 
cavity formation. The perivascular spaces are seen to be enlarged and filled with 
a granular debris. The temporal lobe on the left shows a somewhat similar 
change, save that the softening is less advanced, and the myelin more deeply 
stained. The blood vessels in this locality are present in somewhat increased 
numbers and are comparatively large, some of them up to 2.5 mm. in diameter. 
Many of these vessels are surrounded by diffuse areas of degeneration which 
are elongated in the course of the nerve fibers. The other findings are very 
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much as in the preceding section. Sections through the middle of the crus: 
[he same area of diffuse, partial softening is noted in the right temporal lobe 
and presents the same characteristics noted above. This also holds true for 
the left side, though the blood vessels here are somewhat smaller. Ballooning 
of the fibers can be seen in many of these areas. The small circular areas, 
described as occurring in the medullary portion of the gyri, are seen here also. 
Occipital area; The diffuse area of degeneration on the left side is seen in 
this section to extend from the lateral wall of the ventricle toward the periphery, 
where there is a margin of apparently normal tissue. There is some dilatation 
of the blood vessels in all portions of this section. Sections through the cere- 
bellum: In several of the laminae of the cerebellum are seen one or more pale, 
fairly well defined circular areas which resemble those described in previous 
sections. Sections through the pons and the cerebellum: Except for the find- 
ing noted in the preceding section the tissue was apparently normal. 

Marchi Sections: Frontal area: Grossly there are seen in the superficial gray 
layer a number of light points which are usually circular, though sometimes 
elongated and branched, as though accompanying blood vessels. Microscopically 
there appears some diffuse stippling which, however, is probably pseudo-Marchi 
in character. No recent areas of degeneration can be detected. Slight peri- 
vascular accumulations are present here and there. The cells of the cortex 
contain about the normal amount of pigmentation. Sections through the chiasma: 
In the white matter are seen areas which are paler than the surrounding tissue, 
and which resemble in their general outline those seen in the Weigert sections. 
These are present in considerable numbers, particularly in the centrum semi- 
ovale. Microscopically, very marked degeneration is seen, which in places 
appears in the form of very small foci which probably represent the earlier 
stages of the Lichtheim plaques. As a rule these are associated with blood 
vessels, though this is not always evident. In these areas swollen fibers appear 
in great numbers and in all stages of transition from the blackened fibers to 
those completely disintegrated into fat droplets. “Abbauzellen,” which contain 
these droplets as very fine, dustlike particles, can be seen surrounding some 
of the capillaries in great numbers. Sections through the level of the crus: 
There is a moderate amount of rather diffuse disintegration in the substance 
of white matter, particularly in the fibers passing through the internal capsule 
and in the corpus callosum. The pyramidal cells of the marginal gray are in 
places rather deeply pigmented; this is especially marked in the gyrus cinguli 
where in many instances the entire cell seems to be wholly filled with pigment 
globules varying greatly in size. As far as the lighter areas of the gray matter 
are concerned these are also found, in very few numbers, however, in the 
basal ganglia, the island of Reil being more or less free from them. Occipital 
area: A rather marked degeneration is present throughout the medullary 
substance. Blood vessels, which appear to be numerous and dilated, show a 
considerable amount of perivascular accumulation. Sections through the pons 
at the level of the corpora quadrigemina inferior: These sections are practically 
normal in appearance, save for a slight amount of perivascular deposit. 

Bielchowsky Sections: In the Bielchowsky sections in the marginal gray 
layer are seen fairly numerous, pale, more or less circular areas with margins 
that are somewhat poorly defined. The centers of these areas are traversed 
by fibers which become paler as they pass into them from the surrounding tis- 
sue, often being lost in the relatively structureless center. The frequency with 
which pyramidal cells are seen to occupy the centers of these areas, forces the 
conclusion that they must in some manner be related to the so-called peri- 
cellular lymph space of Obersteiner. Unfortunately the intracellular fibrilli 
failed to stain clearly in these sections, though the cells, in other respects, 
appear to be about normal. Similar areas, though in lesser numbers, are also 
seen in the medullary substance, where they might be likened to localized patches 
of edema, giving the structure a more or less sievelike appearance. 
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Cells which present a moderate number of fuchsinophilic granules are fairly 
numerous, though none found within the pale areas of the gray matter are 
seen to contain them. 

Case 4—( Necropsy 142587).22_ H. W. L. first visited the clinic Oct. 4, 1915. 
He was 48 years of age, married, and a farmer. His health in the past had 
been good, save for some chronic pain for twenty-five years in his knee which 
had a number of lumps on it. About two years previously an operation had 
been done on the knee, from which two calcareous masses, the size of a 
flattened plum, were removed. Soon after this he noticed that he was grow- 
ing weak, that the color of his lips and nails was pale, and that his feet and 
hands became somewhat numb. His appetite was also poor and he became 
gradually weaker, lost in weight and was generally run down, but was not com- 
pelled to go to bed. July, 1914, he noticed that he would become dizzy on 
slight exertion and that his heart would palpitate easily. At about this time 
he was operated on for some stomach distress, which resulted in a negative 
exploration. After the operation he felt somewhat better and did some work 
in the fall of 1914. In December, however, he was compelled to go to bed 
where he remained for three months on account of weakness, after which he 
regained strength and was able to be up and about, off and on, until one month 
prior to his examination. Since then he had been bedridden and suffered from 
profound weakness. He also had some vague gastric distress but no hemor- 
rhages; he had no appetite and, a month previously vomited every evening for 
a week. Fowler's solution and Blaud’s pills had been administered. There 
were no genito-urinary complaints. 

Examination.—The physical findings showed a marked pyorrhea. There was 
extreme weakness, pallor, and much loss of weight which could not be accu- 
rately secured on account of his weakened condition. The systolic blood pres- 
sure was 80, the diastolic 20, and the pulse 100. In the calf of his right leg 
there was a muscle stone the size of a flattened plum. The blood examination 
on October 4 showed 18 per cent. hemoglobin, 1,030,000 red cells, color index 
0.8 +, and 4,600 leukocytes. A differential count of 300 cells was made, w hich 
showed 47.3 per cent. polymorphonuclears, 46.3 per cent. small lymphocytes, 
4.3 per cent. large lymphocytes, 1.7 per cent. eosinophils, 0.3 per cent. basophils, 
2 normoblasts, moderate anisocytosis, slight poikilocytosis, a moderate granular 
degeneration of the erythrocytes, and slight polychromatophilia. The hemo- 
globin during October showed on the seventh, 28 per cent., the eighth, 27 per 
cent., the eleventh, 45 per cent., the thirteenth, 38 per cent. October 6, one pint 
of blood was transfused. November 4, the blood count was as follows: 30 per 
cent hemoglobin, 2,000,000 red cells, 0.7 + color index, 8,600 leukocytes, with 
a differential count of 39.7 per cent. polynuclear neutrophils, 53 per cent. small 
lymphocytes, 5.7 per cent. large lymphocytes, 1.3 per cent. eosinophils, 0.3 per 
cent. basophils, 36 normoblasts, moderate anisocytosis, slight poikilocytosis, and 
polychromatophilia. The diagnosis of pernicious anemia was made. October 
15, a splenectomy was performed, at which time it was noted that gallstones 
were present, but these were not removed. 

The patient returned June 20, 1916. On leaving, in October, the patient 
returned to his home and spent most of the time in bed, being quite weak. He 
was bothered a great deal with palpitation of the heart on little exertion. His 
legs were very unsteady and sensation in his feet was diminishing. 

Neurologic Examination—A neurologic examination, made July 5, showed 
the right pupil to be larger than the left. A watch was heard 4 inches from 
the ear on the left, and a normal distance of 30 inches on the right. Touch, 
pain and temperature were slightly impaired over the face, as compared to the 


2. The clinical data and the pathologic material of the following case were 
obtained through the kindness of Drs. Walter D. Sheldon and Wayne W. 
tissell of the Mayo Clinic, Rochester, Minn. 
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chest. The muscles were uniformly weak. Tactile sensation was very mucl 
diminished in the fingers and moderately diminished below the wrist, gradually 
increasing to normal above the mid forearm. It was almost completely absent 
in the feet, was moderately impaired above the ankles and increased gradually 
to normal, 6 inches above the knees. Pain sensibility was moderately impaired 
in the hands, increasing to normal as in touch In the toes it was almost 
completely absent, increasing gradually to normal above the knees. Tempera- 
ture sensation was moderately impaired in the hands, increasing to normal as 
in touch, and somewhat more impaired in the feet, increasing as above. Vibra 
tion sensation, tested with a tuning fork of 256 v., was absent over all 
prominences below the third lumbar spine. Joint sensibility was normal 
fingers and slightly impaired in the toes. Muscle pain sense was normal. 
biceps, triceps and supinator reflexes were very active. The upper, middle and 
lower abdominal reflexes were normal on the right and moderately impaired 
on the left. The patellar tendon reflexes were normal, as was the left Achilles 
tendon reflex, the right being obtained only on reinforcement There was a 
rather marked Romberg. The gait was slow and weak. Speech was slow, 
but otherwise normal. Coordination was normal in the finger-nose test and per 
haps slightly impaired in the heel-knee-toe test There was no tremor \ 
diagnosis of subacute combined sclerosis was made. The patient was trans 
fused three times, first on June 25, when 500 c.c. of blood were transfused b 
the sodium citrate method; then, July 17, when the same amount was trans 
fused, and again on August 9, when 600 c.c. were transfused. An examinatio! 
of the duodenal contents showed the same to be dark yellow in color and gave 
the following values, estimated by the Schneider method Bilirubin + + 4 
urobilinogen (3.4 200) 700, urobilin (5x 200) 1,000, making a total 
1,700 units. 

Aug. 22, 1916. <A full neurologic examination at this time was impossible 
on account of the patient’s weakened conditiot When seen he had jerking 
movements of the right arm which came on every few minutes Relatives 
said that this was also present in the left arm and both legs and even in the 
head and body. There was subjective numbness in the arms to the elbows, 
and in the body below the belt. The right pupil was larger than the left, and 
immobile to light, which may possibly be accounted for in part by the morphin 
which was required to allay the acute excitement from which he at times suf 
fered. Pin pricks were felt in the fingers and in the toes; further than this 
sensation could not be tested. There was no definite paralysis anywhere, thoug! 
the general weakness was extreme. Reflexes in the arms were moderatel) 
increased, the knee jerks were active, the Achilles tendon reflexes were very 


active. The plantar response was uncertain. There was a marked fluctuation 
in attention 


Vecropsy.—The patient died Aug. 25, 1916. The following findings 
order of their importance, were abstracted from the necropsy report 

There is a very marked general anemia with marked pallor of the tissues of 
the body, of the brain, and of the spinal cord \ marked hyperplasia of the 
red bone marrow in the ribs and in the bodies of the vertebrae is noted. There 
are marked fatty changes present in the myocardium, producing the so-called 
“thrush breast” heart, in the pancreas, kidneys and liver. The spleen is absent, 
but a small accessory spleen is found. The proximal end of the splenic vein 
and the distal end of the splenic artery are occluded by scar tissue. Healed 
atrophic scars are present in the midline and in the left rectus region. Fibrous 
adhesions are found between the great omentum and the peritoneum, adjacent 
to the left rectus laparotomy wound, and between the transverse colon and the 
midline laparotomy scars. There is a moderate nodular fatty change in the 
lining of the aorta and in the aortic and mitral valvular leaflets. The distribu- 
tion of the yellow material of the adrenal cortices is uneven. A slight hypostati 
bronchopneumonia of the dependent portion of the right lung and a moderate 
bilateral hypostatic edema and hyperemia of both lungs are present, and slight 
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petechial hemorrhages are found in the visceral pleura of the dependent portions 
of both lungs. There is a marked hyperemia and a hyperplasia of the mesenteric, 
retroperitoneal, biliary, lateral lumbar, and iliac lymph nodes. A white stellate 
scar in the mesentery of the smal! bowel is noted. The costal cartilages show 
a partial ossification. The mastoid and petrous temporal bones are unusually 
cellular, There is an absence of two toes on the left foot and an atrophic scar 
is present over the right knee. The head is partly bald and the teeth are absent. 
\ large persistent membraneous Eustachian valve is seen. The prepuce is 
redundant and there is a slight phimosis. Sections from the liver for histologic 
examination show a slight congestion, marked fatty degeneration, and small 
areas of focal necrosis. The heart shows very marked fatty changes. The 
pancreas is normal. The adrenals show a moderate amount of fat. The lungs 
show a bronchial pneumonia. There is a chronic interstitial nephritis and the 
kidney tissues are infiltrated with leukocytes. Muscle tissue from the chest 
wall is negative. The weight of the spleen is 558 gm. and there is a slight 
chronic splenitis with cellular degeneration and a perisplenitis. 

Weigert sections of the spinal cord are practically normal in appearance, with 
the exception of possibly a little thinning out of the fibers in the posterior 
columns in the upper thoracic portion. The Marchi sections of the spinal cord 
show a very extensive and comparatively recent combined sclerosis, such as is 
found in cases of pernicious anemia, the degeneration being most marked in the 
lower cervical and in the upper thoracic segments. 

Brain.—The dura is normal in appearance, though very pale, and the sinuses 
are empty. The brain is almost a pearly white, the size and the contour of the 
gyri being normal in appearance. The leptomeninges show a moderate amount 
of edema and are very slightly clouded. The ventricles appear to be normal. 
The arteries at the base show a very slight degree of thickening but no atheroma- 
tous changes. 

Weigert Sections: Frontal sections: Five or ten foci, of the type found in 
the spinal cord, are seen in the medullary substance of these sections, some of 
them being related to blood vessels while others were not, so far as could be 
determined. Sections cutting through the brain just posterior to the chiasma: 
With the unaided eye one can see a half dozen or more areas of pallor, ranging 
in size from 1.5 mm. to 3 or 4 mm. in diameter. The largest of these are seen 
in the white matter of the third frontal convolution on the right side; another, 
3 mm. in diameter, is seen located near the middle of the corpus callosum and 
still two others of about the same size in the temporal lobe on the left. A dis- 
tinctly pale area, somewhat triangular in shape, and about 2.5 mm. in diameter, 
is seen at the juncture of the inner and outer portions of the right globus 
pallidus, just above the anterior commissure. Under the microscope, these 
foci appear in large numbers and vary considerably in size and shape, most of 
them being independent of blood vessels. The area in the globus pallidus is 
seen to be caused by a destruction of the medullated fibers passing through that 
portion and a paling of the surrounding gray matter. Sections through the crus: 
Twenty or thirty such areas can be seen with the unaided eye, located in the 
white matter. These resemble the plaques described above, save that they are 
more numerous, though somewhat smaller. Marked ballooning of the fibers 
is noted. The plaques themselves present very irregular margins and are 
elongated in the direction of the fibers; some of them give evidence of having 
become enlarged by fusion of two or three separate areas. Sections through the 
occipital lobes: Some fifteen to twenty of these plaques can be seen grossly. 
These are distributed more or less uniformly throughout the white matter, 
though the fourchette contains relatively more of them. Sections through the 
middle of the pons are perfectly normal in appearance. 

Marchi Sections: Sections through frontal lobes at the level of the genu 
of the corpus callosum: There is a diffuse degeneration of moderate intensity 
throughout the section, with a corresponding degree of perivascular accumula- 
tion. A few foci appear in which the degeneration is particularly marked. The 
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1g through the brain 1.5 cm. posterior to chiasma here 
is a very extensive degeneration, rather general in its distribution iroughout 
the medullary portion of the section. This degeneration becomes somewhat 
more marked in the vicinity of the corpus callosum and of the pyramidal tract 
where the fibers appear swollen and sometimes resemble chains of beads. I: 
the centrum semiovale, both right and left, a number of very small deposits 
blackened granules are found, which presumably represent early stages of 
integration corresponding to the Lichtheim foci. There is also some perivasc 
deposit present. In general, the cells of the marginal gray 
the basal nuclei, appear to be normal. Sections through 
can see a number of lighter foci in medullary sul 
correspond to some of the areas seen in the Weigert secti 
diffuse and very well marked degeneration present which seems to 
as intense in the short association fibers going from one gyrus to another 
is in the longer commissural tracts, the degeneration being little more marked 
in the corpus callosum and the crus than elsewhere. While some of the cortical 
cells appear excessively pigmented, the average amount of m ybably 
does not exceed the normal. Occipital sections: With the unaided eye the same 
pale areas appear in these sections as already noted, which microscopically, at 
times, show a pigment deposit at their peripheries. As in the preceding section, 
so here, we find a well marked and diffuse degeneration of the white fibers; 
this is particularly intense in the fibers of the splenium and of the optic radia 
tions. Perivascular accumulations are commensurate with the degree of deget 
eration noted. In the cells of the gray layer, overlying some of the superior 
convolutions, one can note a considerable amount of pigment; the degeneration 
of the white fibers springing from this portion of the cortex is, however, not 
more marked than that occurring in the fibers located in the medullary rays of 
other convolutions. Sections through the cerebellum: There is a moderate 
degree of degeneration in practically all of the cerebellar laminae, with a corre 
sponding deposit of detritus in the perivascular spaces. There appears to be 
no abnormal pigmentation in any of the Purkinje cells. .Sections through the 
pons at the level of the decussation of the fourth nerves: There is a very definite 
and rather marked degeneration in the fibers of the median lemniscus, as well 
as a rather moderate amount of degeneration in the decussating fibers of the 
fourth nerve. A slight degree of degeneration is also observed in the reticular 
formation, in the fibers of the posterior longitudinal bundle, and in the pyramidal 
tracts; in these structures, however, the degeneration is very slight in degree 
and of questionable significance. Other structures appear to be practically nor 
mal. Sections through the cord immediately below the pons: There is a definite, 
though slight, degeneration present in the location occupied by the spinocerebellat 
tracts, particularly on one side. The remainder of the section, though showing 
a slight stippling, is probably negative. Section. ough the ol A fairly 
well marked degeneration is noted in the location occupied by the spin rebellar 
racts and a somewhat less marked but more recent chang: 
the median raphe. The fibers of the pyramidal tracts show 
quite definite, degenerati 
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control sections. The hematoxylin and eosin sections show a number of foci 
in the white matter which resemble localized patches of edema, in that the 
fibrillar structure is here somewhat crowded aside and the interfibrillar meshes 
enlarged. In one case, the center is formed by a more or less structureless and 
apparently necrotic mass. In all other respects the sections appear to be normal, 
and nowhere is an increase in glia cell nuclei apparent. 

In sections stained with thionin and toluidin blue, particularly those chosen 
from the right and left Rolandic areas, and somewhat less so in those from the 
temporal areas, are seen numerous areas which resemble the foci described in 
the hematoxylin and eosin sections, save that the change is carried still further, 
the entire structure resembling a gland. The pyramidal cells, on the whole, 
are practically normal in appearance, save for a slight degree of vacuolization 
and some satellitosis. A number of the cells show changes which are somewhat 
more marked; thus, in one cell there is a perinuclear tigrolysis, the nucleus being 
stained a deep blue and the nuclear membrane very indistinct. This cell some- 
what suggests the picture seen in axonal degenerations. The Nissl bodies, 
however, are, in general, well preserved. In the Lichtgruenfuchsin sections a 
few pyramidal cells are noted which contain a small number of fuchsinophilic 
granules; a number of others, however, are literally packed with large-sized, 
brilliant red granules. The blood vessels are normal in appearance and the 
vessel walls uniformly thin. 

Case 5.—( Necropsy 16-15.) History.—S. O. H., 51 years of age, Norwegian, 
single, was admitted to the hospital on the medical service Sept. 24, 1914. He 
was born in Wisconsin where he lived for three years, and then came to Minne- 
sota where he lived most of the time. For twenty years he was a storekeeper 
in a small town, but the past year changed his occupation to that of selling 
postcards. His average weight was 200 pounds, which in the last four years 
decreased to 150 pounds. The father died at 60 of kidney trouble and the mother 
at 50, presumably of heart disease. The patient had four brothers, two of whom 
were living and well; the other two were said to have had fits and died in the 
attacks when young men. There were four sisters, one living and well and 
three dead from unknown causes. The patient generally slept well and his 
appetite had been good until recently. The bowels had been severely constipated 
most of the time. He did not use tobacco and denied using drugs. Up to three 
years previous to examination he used alcohol to excess, but the last few years 
took only an occasional glass of beer. Eight years prior he contracted gonorrhea, 
which became chronic, discharging for at least two years. As a boy he was 
always healthy, but when he grew up his stomach began bothering him off and 
on, the attacks of gastric distress coming on after drinking hard and lasting for 
about a week. He had about two of these attacks, on the average, in a year. 
He was otherwise well until the present trouble began. About two years pre- 
viously he began having rheumatic pains in the feet which gradually worked 
up the legs into the body. He also had frequent attacks of gastric distress, which, 
however, were no longer associated with drinking. His feet became numb and 
in the previous summer he noticed that he would frequently stumble at night 
or, if he turned quickly, would fall. There was also a sensation of oppression 
around the abdomen which was accompanied by general pain and tenderness. 
Although these symptoms have been gradually growing worse, the patient was 
able to continue working until September 23, the night before he entered the 
hospital. 

Physical Examination—A physical examination showed the patient to be 
fairly well nourished, but very pale and somewhat yellowish in color, with a 
slight puffiness under the eyes. There was a marked pyorrhea, and most of the 
teeth were missing and replaced by plates. A slight eczema marginatum was 
present on the penis and scrotum. There was also some edema present in the 
legs. Aside from this, physical examination was practically negative. The 
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September 25, showed nothing abnormal; November 25 it was found to contain 
a trace of albumin and some leukocytes. December 19 an analysis showed 
urobilinogen 3+ and urobilin 3+; there were no amino-acids present. Exami- 
nations of the stool December 18 and 28 revealed no ova or parasites. A 
Wassermann test of the blood was negative. The spinal fluid showed a Nonne- 
Appelt, Phase I negative, four small lymphocytes to the cubic millimeter 
and negative Wassermann. The results of the blood examinations were as 
follows: September 25, 80 per cent. hemoglobin, 5,000 leukocytes; October 7, 
80 per cent, hemoglobin, 8,200 leukocytes, 4,900,000 red cells, marked anisocytosis, 
marked poikilocytosis, and slight polychromatophilia; October 20, 75 per cent. 
hemoglobin, 6,400 leukocytes, 4,700,000 red cells; November 7, 55 per cent. 
hemoglobin, 6,700 leukocytes, 2,000,000 red cells, and a color index of 1.37; 
November 19, 50 per cent. hemoglobin and a differential count of 74 per cent. 
polynuclear neutrophils, 23 per cent. small lymphocytes, 2 per cent. mono- 
nuclears, 1 per cent. eosinophils; November 30, 50 per cent. hemoglobin, 5,700 
leukocytes, 1,900,000 red cells, and a differential count of 74 per cent. polynuclear 
neutrophils, 24 per cent. lymphocytes, and 1 per cent. eosinophils; December 7, 
30 per cent. hemoglobin, 3,500 leukocytes, 1,500,000 red cells, poikilocytosis, 
anisocytosis, and megaloblasts; December 20, 35 per cent. hemoglobin, 3,000 
leukocytes; January 2, 1915, 4,000 leukocytes, 1,400,000 red cells; February 5, 
35 per cent. hemoglobin, 4,100 leukocytes, 752,000 red cells 

Neurologic Examination.—The neurologic examination disclosed the follow- 
ing: The nose was normal to inspection and the sense of smell, as tested 
with perfume, soap and other articles on his stand, normal. The patient could 
read bold faced type of about 5 mm., but could not read finer print of 2 mm. 
The field of vision was normal to a rough test. There was no strabismus, 
exophthalmos or diplopia. A slight horizontal nystagmus, which developed on 
looking toward the extreme right or left, coming on after a slight fatigue of 
the occular muscles, was noted. The movements of the eyes were normal in 
all directions and convergence was good. The pupils were circular, equal in 
size and moderately contracted, with a normal reaction to light and accommoda- 
tion, both direct and consensual. Sensation over the distribution of the fifth 
was normal for touch, pain, and pressure. The corneal and conjunctival reflexes 
were normal. Movements of the jaw, both horizontal and vertical, were normal 
in amplitude but somewhat deficient in power. The patient could wrinkle his 
forehead, close his eyes, and move his lips normally, save that in showing his 
teeth the left angle of the mouth was retracted a little further than the right. 
The ears were normal to inspection and hearing slightly impaired; the Weber, 
Rinné, and Schwabach tests were normal. There was no tinnitus and the 
patient rarely had vertigo, which might come on when the patient attempted 
to situp. There was no difficulty in phonation, breathing or swallowing. The palate 
moved normally and the palate and pharyngeal reflexes were present. Pulse was 
normal in rate. The sterno-mastoid and trapezius muscles were normal, save fora 
slight deficiency in power. The tongue was protruded in the midline, showed no 
atrophy or fibrillation, but presented a slight general tremor, with slight impairment 
in power. There was subjective prickling of the fingers and of the toes. Sensa- 
tion, as tested with cotton, appeared to be diminished on the palmar surface of the 
right hand below the level of the wrist and on the dorsum, below the middle 
of the second phalanges, of all fingers, and on the distal phalanx of the thumb. 
On the left hand, cotton touch was about normal. In the feet the sensibility 
to cotton touch was impaired on both sides below a point 4 inches above the 
external malleolus and 2 inches above the internal malleolus. Pain sensibility 
was normal in both hands and feet; and both touch and pain sensibility were 
normal over the rest of the body. Vibration sensation seemed to be impaired 
below the right wrist and was altogether absent over the head of the fifth 
metacarpal bone and digit. It was slightly diminished on the left hand below 
the wrist, but was nowhere entirely absent. There was complete pallanesthesia 
below the middle thoracic vertebra. Muscle pain sense and sensitiveness of 
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the nerve trunks were normal. The finger to finger and the finger to nose 
tests were fairly well performed, but there was a definite ataxia in both legs 
which became evident in the heel-knee-toe test. The patient was at times unaware 
of the exact location of his legs in the bed. Joint sense in the toes was com- 
pletely absent, though the patient knew which toe had been touched. There 
was a very marked Romberg. There was general muscular weakness, and the 
patient was unable to stand without assistance. Nowhere is there localized 
atrophy or fibrillation. The extensor power of the legs was less than the flexor 
power. There was no tremor present in hands or legs. The conjunctival, 
corneal, palate, and pharyngeal reflexes were normal. The biceps, triceps, and 
supinator reflexes were normal and equal on both sides. The abdominal, cremas- 
teric, and external anal reflexes could not be elicited. The plantar reflexes were 
extensor on both sides by Babinski’s method, and on the left side by Oppenheim’s 
method. The patellar and Achilles tendon reflexes were absent, even on rein- 
forcement. There was no ankle or patellar clonus. The patient complained of 
inability to control the movements of the bowels and at times of difficulty in 
holding the urine. Sexual power was absent. There was a slight edema of 
the subcutaneous tissues. 

Mental Examination.—(1) General memory and orientation: Memory for past 
and recent events appeared to be fairly good and the patient related childhood 
experiences with apparent accuracy. The patient said that he entered the hospi- 
tal September 23, since when he thought he had greatly improved. He gave 
the month as December, which was correct, and the year as 18—then says 
1900. Was oriented as to place and persons. (2) General understanding and 
insight appeared to be satisfactory. (3) Emotional status: He was depressed, 
as a rule, and had been so for years; however, he had no suicidal tendencies, but 
said, on the contrary, that he expected to’ be hopeful to the last minute. He 
complained of having had a good deal of trouble with the devil, who, twenty- 
five years ago, while the patient was in perfect health, got into the habit of 
appearing after he had gone to bed at night. At these times he would bend over 
the patient and hold him so firmly at his sides that he would awake from the 
pain. A good deal of prayer finally rid him of this trouble, until the past 
September when the devil again appeared, tormenting him almost every night 
for about a month. One night, while sleeping in a boarding house, the devil 
entered and carried on to such an extent that the screaming of both him and 
the patient caused the neighbors to send in a call for the police. He added that, 
though he was usually asleep when the devil appeared, he was well awake for 
The patient is convinced that God sent these visita- 
At times he heard the church bells 
Also heard whistling, 
(4) Memory: 


some time before he left. 
tions as a punishment for his past iniquity. 
ringing, usually in the left ear, for half an hour at a time. 
and words which come from various directions but say nothing. 
Memory for past and recent events appear to be fairly good, though the patient 
said that of late it had grown poor. In repeating the “Cowboy Story,” he got 
to the point at which the cowboy put on his old clothes, but forgot all that 
followed, omitting the dog from the story altogether and remembering abso- 
lutely nothing about it. He was able to repeat numbers of four places correctly, 
but made mistakes in repeating numbers of five or more digits. In repeating 
the alphabet he gave the last letters as q, u, s, t, y, z. (5) Attention: Attention 
during the entire examination was found to be satisfactory, the attention tests 
being performed fairly well. (6) Thinking: He could do simple calculations, 
but could not point out the faulty logic in the “Lillies and Roses” test. 
(7) Capability: Save for the limitations imposed by his weakness the patient's 
capability appears to be good. There is some slurring in repeating the test 
phrases. (8) Association: In the Masselon tests, the patient was unable to build 
sentences that were to contain three given words. Being asked to make a sen- 
tence containing the words “kettle,” “water” and “stove,” he said, “The kettle 
stood in the water,” and in using the words “baby,” “bottle” and “milk,” he said, 
“The baby was drinking the bottle.” (9) Sleep and dreams: The patient sleeps 
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poorly as he is awakened by the least noise. The jerking in his legs also tends 
to keep him awake. 

Necropsy—The patient died March 18, 1915, necropsy being performed 
thirteen hours postmortem. The protocol showed the following: External 
appearances: The body is that of a well developed, fairly well nourished, adult 
male, 179 cm. in length. Rigor is present, and there is lividity in the dependent 
parts. The pupils measure 5 mm. in diameter and are equal. There is a 
moderate amount of edema in the extremities and in the external genitals. There 
is a small pigmented mole at the angle of the left scapula. Peritoneal cavity: 
The peritoneal cavity contains about 2,000 c.c. of clear, straw colored fluid. 
The serous surfaces are smooth and clear and there are no adhesions. The 
appendix measures 9 cm. in length and hangs free. The diaphragm reaches the 
fourth interspace on the left and the fourth rib on the right. The mesenteric 
lymph nodes are moderately enlarged and dark in color. Pleural cavities: The 
left pleural cavity contains 800 c.c. and the right, 500 c.c. of a clear, straw 
colored fluid. There are strong fibrous adhesions at the apex and at the poste- 
rior portion of the base of the right lung. The left pleural cavity is free from 
adhesions and the serous surfaces are smooth and clear. Pericardial cavity 
The pericardial cavity contains about 250 c.c. of clear, straw colored fluid, the 
visceral and parietal pericardium being smooth and glistening. Heart: The 
musculature is thin, soft, flabby, and somewhat pale in color. The mural endo- 
cardium is smooth and clear and the valve leaflets show no gross lesions. The 
root of the aorta has a few elevated, yellowish patches, but possesses good 
elasticity; the intima is of a bright red color. Lungs: No nodules are palpable 
and the lungs crepitate throughout. From sections through the posterior portion 
of the base of the left lung, a large quantity of thin, reddish fluid can be 
expressed. Spleen: The spleen weighs 200 gm., the capsule is smooth, and the 
pulp is dark in color and scrapes readily. Liver: The liver weighs 2,850 gm., is 
of a fairly light, reddish brown color, and on cut section reveals small, dark 
areas surrounded by lighter zones. The pancreas, gastro-intestinal tract, and 
adrenals show no gross lesions. Kidneys: The kidneys together weigh 360 gm., 
are equal in size, and slightly lighter in color than normal. The capsules strip 
readily, leaving smooth, glistening surfaces. The cortices are of even thickness 
and the normal markings regular. The bladder is normal. The bone marrow 
from the upper third of the femur is yellow in color. The anatomic diagnosis 
was (1) pernicious anemia (aplastic type) ; (2) ascites, hydrothorax, and hydro- 
pericardium; (3) moderate chronic passive congestion of the liver; (4) hypo- 
plasia of the mesenteric lymph nodes; (5) slight atherosclerosis; (6) edema of 
the left lung; (7) hemoglobin imbibition of the aorta. 

Sections of the spinal cord stained by the Weigert method show a moderate 
degree of combined sclerosis of the type seen in pernicious anemia. The Marchi 
sections of the cord are normal in appearance. 

Brain.—The brain is slightly paler than normal. The leptomeninges are 
slightly clouded along the blood vessels of the convexity. The vessels at the 
base are possibly a little thickened. The gyri are normal in size and conforma- 
tion. The ventricles are normal in size and the ventricular walls smooth and 
glistening. 

Weigert Sections: Sections passing through the brain at the level of the 
genu corporis callosi: In the marginal gray matter one sees areas of increased 
pallor at the dividing point of the blood vessels. The medullary portion of the 
section is absolutely normal in appearance. Sections through the optic chiasma, 
1 cm. posterior to the optic chiasma, and the crus, are normal. Occipital sections 
show a slight degeneration of the medullated fibers in the neighborhood of some 
of the blood vessels. In the marginal gray small circular foci, as described in 
a number of preceding cases, are found in limited numbers. Sections through 
the pons are normal. Sections through the olive and the cerebellum: Just under- 
neath the dentate nucleus of one side appear two small foci of the Lichtheim 





830 H. W. WOLTMAN ARCH. 


type. In one of the recessses formed by the folding of the dentate nucleus, the 
white fibers show definite ballooning and disintegration. 

Marchi Sections: In the right centrum semiovale are seen evidences of recent 
degeneration, a number of the fibers appearing swollen and in many places 
represented by rows of blackened globules. These changes become progressively 
more marked in the deeper portions of the brain. All of the degeneration seen 
appears to be recent, none of the blood vessels showing evidences of perivascular 
accumulations. 

Bielschowsky Sections: In the Bielschowsky sections a number of blood 
vessels can be seen which are surrounded by a light halo, the fibers within this 
area showing evidences of disintegration. The Weigert glia fiber and the 
Ramon y Cajal glia cell sections show no evidence of reaction on the part of 
this tissue. Here and there, in the meninges and in certain of the blood vessels 
there is seen rather extensive invasion of streptococci, but no evidence of 
reaction. In the hematoxylin and eosin sections rather numerous sieve like 
areas are noted in the medullary substance of the cortex, which vary in size 
from 0.01 to 0.03 mm., and which, in a number of instances, are found to be 
definitely related to the blood vessels, though this relation cannot be definitely 
established in all of them. As many as eighteen to twenty of these foci can be 
counted in the low power field of the microscope. One of the meningeal vessels 
was found to contain a good many leukocytes. Thionin, toluidin blue, and neutral 
red sections show most of the pyramidal cells to be absolutely normal in appear- 
ance. In a few instances, however, there are found chromatolysis, slight 
satellitosis, neuronophagia, indistinctness of the cell outline with disappearance 
of the processes, and some swelling and eccentricity of the nuclei. In a good 
many cells there appears, plastered around the nucleus and the periphery of the 
cell, a rather deeply staining material which is evidently derived from the Nissl 
bodies. A very few of the cells exhibit a certain degree of vacuolization. The 
changes noted above are found to be most numerous in the Rolandic area. 
The blood vessels at the base show some thickening of the intima and possibly 
also some of the media; there is a moderate increase in the elastic fibers and 
some splitting of the inner elastic membrane. The Lichtgruenfuchsin sections 


show nothing pathologic. 

Case 6.—(Necropsy 251.) History.—A. T., 37 years of age, Norwegian, died 
on April 15, 1913, a clinical diagnosis of pernicious anemia having been made 
by a competent internist. Necropsy was performed twenty-three hours post- 
mortem, a standard embalming fluid having been injected the evening before. 
The following notes appear on the record: 

Necropsy—The body is that of a somewhat emaciated, but well developed 
adult man. There is moderate rigor mortis and slight lividity of the dependent 
portions. Mucous membranes of the throat and mouth are very pale. The 
plural cavities contain about 10 ounces, on the right side, of a clear, yellowish 
fluid which contains some flakes of fibrin. The pericardial cavity is empty and 
the walls smooth and glistening. The abdominal cavity contains no fluid and 
the viscera, save for pallor, are normal in appearance. Lungs: The right lung 
weighs 760 gm. The lower lobe is heavy and does not collapse. The upper 
lobe, in its dorsal portion, is firm and crepitates feebly, the anterior portion being 
very pale and normal to the touch. On cutting the lower lobe a pale, yellowish 
red fluid escapes and a number of granular plugs may be scraped out. The 
posterior portion of the upper lobe was filled with a frothy fluid. The left 
lung weighs 650 gm. and is very pale and edematous. The peribronchial lymph 
nodes are pigmented and slightly enlarged. Heart: The heart muscle is pale and 
flabby in consistency. The right cavity is filled with a thin, pale bloody fluid. 
The left cavity contains a white coagulum ; the walls are fixed to a certain depth 
by the embalming fluid. The valves are normal in appearance. The aorta is 
negatiy e. Spleen: The spleen weighs 300 gm., is somewhat enlarged, pale and 
firm. Kidneys: The combined weight is 390 gm., the right being a little smaller 
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than the left. The surfaces show the fetal markings. The capsule is slightly 
thickened and strips with a little difficulty, small bits of the cortex being removed 
with it. The cortex is somewhat narrow, the normal markings somewhat indis- 
tinct, and the glomeruli rather prominent. The left contains a solitary cyst 
about 1 cm. in diameter. The ureters, bladder and urethra are negative. 
Adrenals: These are normal in size, but very pale. Liver: The liver weighs 
1,630 gm. The capsule is smooth, rather pale and has a rusty tint. The gall- 
bladder is filled with a viscid bile and the ducts are patent. The pancreas is 
negative, though very pale. Stomach: The stomach is dilated with a liquid 
content; the wall is very pale, somewhat thinner than normal, and the mucosa 
shows no evidence of old ulcers or other irritation. The small intestine is pale 
and contains small amounts of fluid feces, but is otherwise negative. The 
appendix hangs free and is normal in appearance. The large intestine contains 
considerable amounts of feces in masses. In places the wall of the intestine is 
very thin. Retroperitoneal structures: The glands about the aorta and the 
celiac axis are enlarged and somewhat congested. The scalp and the skull are 
negative. Bones: The clavicle contains marrow which is normal in appearance. 
The ribs and sternum contain a very friable and pultaceous marrow which is 
a deep reddish chocolate color. Smears from the sternum and from the marrow 
of the fifth rib stained with the Erlich-Biondi stain show erythrocytes, micro- 
cytes, polychromatophilia, many megaloblasts, some normoblasts, and white 
blood cells of all types, including many myelocytes and coarsely glanular 
oxyphils. Necropsy diagnosis: (1) Anemia of all the viscera; (2) lobar pneu- 
monia of the right lower lobe, with a serofibrinous pleuritis; (3) edema of the 
left lung and the upper lobe of the right lung; (4) some fatty degeneration of 
the kidney; (5) slight dilatation of the heart, with possibly some fatty degenera- 
tion of the muscle; (6) increase in the red bone marrow; (7) atrophy and 
dilatation of the stomach; (8) extensive pigment deposit throughout the liver. 
Unfortunately none of the spinal cord was removed at necropsy. 

Brain.—The membranes of the brain are very pale. The brain itself is normal 
in appearance and consistency, save that it is almost pearly white in color. The 
blood vessels at the base of the brain are normal in appearance and very delicate 
to the touch. 

Weigert Sections: These are all normal save for a few slight changes. 
Frontal area: In the marginal gray matter and in the medullary substance at 
various distances from the surface are a number of light circular areas, about 
0.1 mm. in diameter, which are often seen surrounding capillary vessels cut in 
cross section. Section through the optic chiasma: Surrounding a number of the 
smaller capillaries in the medullary substance of the brain there is a small area 
of disintegration, such as have been described. Sections through the crus: 
A few circular pale areas, present up to the number of about five to the low 
power field, and measuring about 0.25 mm. in diameter, are seen in some of 
the medullary rays of the gyri. Similar areas are also seen in the marginal 
gray layer. Occipttal lobes: Sections from this area resemble in all respects those 
just described. Sections through the cerebellum are normal in appearance. 

The Marchi sections show no definite pathologic changes. In both the gray 
and the medullary portions of the cortex, as seen in the Bielschowsky sections, 
there are noted pale, more or less circular areas, about 0.1 to 0.25 mm. in 
diameter, present in numbers up to four or six to the low power field (No. 3 
Leitz objective and No. 4 eye piece) and resembling in all respects similar areas 
described in some of the foregoing cases. Serial sections show that these. in 
nearly every instance, are related either to some small blood vessel or surround 
one of the pyramidal cells of the gray layer. The cells themselves, lying within 
these areas, show no pathologic changes. The glia structures in this brain are 
normal in appearance, with the possible exception of some irregular thickening 
of the coarser glia fibers. Hematoxylin and eosin sections show the same areas 
of disintegration described in the Bielschowsky sections, the association with 
the perivascular spaces being well illustrated. The cells of the cortex, as stained 
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with thionin and toluidin blue, are absolutely normal in appearance, with the 
exception of a small number of cells lying within the degenerated areas, described 
in the preceding sections. These are more readily studied in sections which are 
somewhat overstained. No fuchsinophilic granules are noted. The larger blood 
vessels at the base are normal in appearance. 


Case 7.—(Necropsy 11-17.) History—H. R., 42 years of age, single and a 
laborer, was admitted to the hospital Jan. 25, 1911, complaining of difficulty in 
breathing, fatigue on slight exertion, a pain about the heart which was sharp 
at times, some swelling of the face, and increasing pallor of five weeks’ duration 
The patient was born in Minnesota and had never left the state. The father 
and mother both died of unknown causes. His habits were said to have been 
moderate. 

Physical Examination.—This showed a middle aged man, medium in stature, 
well developed, and fairly well nourished. The hair was brown, with an admix- 
ture of gray. The eyes were blue, the pupils circular, equal in size, and normal 
in reaction. Hearing was normal. The patient stated that he had had some 
ringing in the ears prior to coming to the hospital, but this had now wholly 
disappeared. The skin was somewhat yellowish in color and extremely pale. 
The mucous membranes were pale and the capillary circulation did not return 
promptly after pressure. The left border of the heart extended to about 1 inch 
outside of the nipple line. There was a blowing sound, systolic in time, heard 
loudest over the apex, and transmitted over the entire chest. The abdomen was 
negative to palpation, and no masses were felt. The muscles were somewhat 
flabby and there was a moderate loss of strength. The spleen was large and 
palpable. The deep reflexes were diminished in the upper extremities and the 
knee kicks could not be obtained. There were no enlarged glands palpable. 
The urine was normal save for an occasional pus cell. Examination of the 
stool showed no ova or parasites. Examination of the blood showed the follow- 





ing: January 28, hemoglobin 18 per cent., red count 800,000 and 2,500 leuko- 
cytes; February 9, hemoglobin 10 per cent., red cells 400,000, 7,000 leukocytes, 
with an apparent increase in the relative number of lymphocytes, a rather 
marked poikilocytosis, polychromatophilia, also normoblasts in moderate num- 


bers and megaloblasts in greater numbers. The patient exhibited a slight rise 
in temperature, which fluctuated, but never exceeded 99.6 F. The pulse varied 
between 80 and 100, and the respirations between 20 and 24. The patient was 
put on dilute hydrochloric acid and nux vomica. February 6, there was slight 
epistaxis. He became progressively weaker and on February 10 became very 
delirious, talking and moving about continually. He died February 11. 
Necropsy.—Necropsy was performed five and a half hours after death with 
the following results: External appearance: The body is that of a fairly well 
developed, poorly nourished, adult male, 168 cm. in length. The skin is very 
pale and mottled on the arms and neck by freckle patches. Rigor mortis and 
lividity are absent. The pupils measure 6 mm. and are equal. There is no 
edema, cyanosis or jaundice. Peritoneal cavity: The surfaces are everywhere 
pale but smooth and glistening. The right lobe of the liver in the midclavicular 
line reaches 3 cm. below the costal margin. The left lobe of the liver is very 
prominent, reaching 11 cm. below the xyphoid cartilage. The appendix is 7 cm. 
in length and is bound by adhesions to the root of the mesentery, on the left 
side at its tip. Near the tip the lumen of the appendix is obliterated. The 
mesenteric lymph nodes are normal. The diaphragm reaches to the fifth space 
on the left, and to the fifth rib on the right. The pleural cavity: The pleural 
cavities are interrupted by numerous stretched fibrous bands. There is no free 
fluid in the cavity. The pericardial cavity is normal, except for a large grayish 
white patch on the anterior surface of the right ventricle. Heart: The heart 
weighs 418 gm. The muscle is very pale but of firm consistance. The cavities 
are filled with clots and are all somewhat dilated. These clots are composed 
of definite layers, the upper portions having the appearance of “goosefat,” while 
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the lower layers are much paler than normal. The valve leaflets are apparently 
normal, The root of the aorta shows an occasional raised grayish patch of 
thickening. The tricuspid valve measures 15 mm., the pulmonary valve 8 mm., 
the mitral valve, 9.5 mm., the aortic valve 8 mm. The depth of the right 
ventricle is 10 cm., and the thickness 0.6 cm. The depth of the left ventricle 
is 9.5 cm. and the thickness, 14 cm. Lungs: The lungs are quite pale and 
remarkably free from black pigment. There is no evidence of postmortem con- 
gestion of the dependent portions. The lung pulp is free from nodules or 
tubercles. In the peribronchial lymph nodes of the left lung there is one small 
calcareous nodule. A similar nodule exists in the lymph node at the bifurca- 
tion of the trachea. Spleen: The spleen is small and regular, weighing 85 gm. 
The pulp is increased in consistence, of normal color, and on cut surface, aside 
from comparative obscurity of the malpighian bodies, appears normal. Liver: 
The liver weighs 1,695 gm. The surface and pulp are pale and very moist, the 
pulp having a swollen feeling. The gallbladder is distended with thin bile and 
the ducts are normal. Gastro-intestinal tract: The mucous membrane through- 
out is very pale. The pylorus shows apparent definite thickening, but there is 
no evidence of any lesion throughout the tract. Peyer's patches, in the lower 
portion of the ileum, are raised, prominent, and slightly roughened on their 
surfaces. Adrenals: The adrenals are free from demonstrable lesion. Kidneys 
The kidneys weigh 310 gm. The capsules strip readily, leaving smooth surfaces. 
The pulp of the left kidney is very pale and the markings are indistinct. In 
the pulp of the right kidney, there is a slight yellowish tinge in the cortical 
portion, and the striae are fairly regular. The bladder is distended with a clear 
urine. Genital organs: The prostate shows occasional dark pigmented points. 
The aorta contains numerous raised, grayish white or grayish yellow nodules. 
Organs of the neck: The thyroid and trachea are normal. Head: The scalp, 
calvarium, and dura are normal. The base of the skull and the middle ears 
are normal in appearance. Bone marrow: The bone marrow of the right 
femur throughout its entire extent is very red, soft, and of a thick, oily consis- 
tence. The bone marrow of the ribs is very red and prominent. The necropsy 
diagnosis is: (1) primary anemia of an acute type; (2) old healed tuberculous 
pleuritis; (3) edema of the brain; (4) chronic obliterating appendicitis; (5) 
possible thickening of the pyloric ring. Bacterial examination: A culture from 
the heart's blood is negative. Microscopical examination: The muscle fibers 
of the heart are in good condition. There is almost complete absence of blood 
from the capillaries. There is a patch of scar tissue under the pleura and some 
emphysema. The spleen is normal. The liver shows no blood in the sinuses. 
The hepatic cells show an increase of pigment and large numbers of fat droplets. 
The stomach is normal except for a little postmortem change, which is also true 
of the intestinal tract. The adrenals are normal. The convoluted tubules of 
the kidney are somewhat dilated, the epithelial cells are in good condition, and 
there is no increase in connective tissue. The aorta shows a slight thickening 
of the intima. The thyroid gland is normal. The sinuses of the lymph nodes 
are very prominent and contain large numbers of leukocytes, many of the poly- 
morphonuclear type. The prostate is normal. The testicles contain no sperma- 
tazoa, but are otherwise normal. The pituitary gland is apparently normal. 
The bone marrow shows the typical structure of red bone marrow; there are 
large numbers of myelocytes, nucleated reds, etc., but very little adipose tis- 
sue cells. 

Brain.—The brain weighs 1,305 gm. There is no distinct evidence of lesion 
except for a marked edema of the pia arachnoid and some pallor. The blood 
vessels are empty and slightly thickened at the base. The ventricles and gyri 
are normal. The spinal cord, of which sections could be obtained only from 
the extreme upper end, appears to be normal. 

Weigert Sections: Frontal area: In the medullary portions of the frontal 
area are seen three blood vessels, surrounding which there is an evident destruc- 
tion of the medullated fibers. Sections through the optic chiasma Two 
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plaques about 0.2 by 0.4 mm. in size are seen, one in the corpus callosum, and 
the other in the white matter just under the marginal gray. These resembled 
in all respects the Lichtheim foci of the cord. Sections through the crus and 
through the occipital lobes: Aside from two or three small areas of destruc- 
tion, these sections appear to be normal. Sections through the cerebellum and 
through the pons are normal. The Marchi sections of the cortex show a very 
slight stippling, which is probably pseudo-Marchi in character. A few ballooned 
myelin sheaths are found. There are no accumulations about the blood vessels. 

Bielschowsky Sections: In the Bielschowsky sections a very limited number 
of lighter plaques, similar to those described in preceding cases were seen, both 
in the white and in the marginal gray. In this case, however, the association 
of these plaques with blood vessels or pyramidal cells was less constant. In 
all of the sections stained by the Ramén y Cajal stain and by the Weigert glia 
fiber method there appears to be some increase in the size of the glia cells, 
as well as some enlargement, and possibly some proliferation of the glia fibers. 
The hematoxylin and eosin sections show nothing abnormal save a marked 
satellitosis. Sections stained with thionin, toluidin blue, and neutral red show 
a well marked satellitosis, occasional tigrolysis, and eccentricity of the nuclei. 
In sections which are somewhat overstained one can see a number of the pale 
areas, both in the marginal gray and in the medullary portions, which are most 
numerous in the temporal lobes, where one or two can be seen in from one 
to six low power fields. Some of the pyramidal cells within these areas appear 
somewhat shrunken and rather deeply stained; others show a marked tigrolysis 
and vacuolization, with indistinctness of the cell membrane. The basal nuclei 
appear normal. No fuchsinophilic granules are seen in any of the sections. 
The larger blood vessels from the base show a slight, diffuse arteriosclerosis, 
which involves principally the media; also a slight and diffuse increase in the 
amount of elastic tissue. 


DISCUSSION 

Certainly it cannot be said that the cortex of pernicious anemia 
patients is barren of pathologic findings. The lesion of prime interest 
is, of course, the occurrence of placques in the medullary substance of 
the cortex, which in every respect resemble the lesions so often found 
in the spinal cord. While the cases reported by Barrett all had a very 
marked mental disturbance associated with the pernicious anemia, this 
obtains in only one case of this series, the mental condition of the 
patient in the remainder being no more altered than is usually seen in 
pernicious anemia. In three of the seven brains studied, this focal 
degeneration could readily be seen with the naked eye, in two it was of 
moderate intensity, requiring a microscope for its detection, and in two 
it was very slight indeed, only a very few small areas having been 
noted. 

The incongruity between cas, -esenting cord symptoms clinically 
and those showing pathologic changes at subsequent examination has 
long been a matter of comment ; thus, also, in Case 4 there was marked 
clinical evidence of cord involvement, while pathologically there 
appeared only a very slight degeneration as shown in the Weigert sec- 
tions, though in the Marchi sections this change was more evident. On 
the other hand, in the same case the mental symptoms were very slight 
and no change in the mentality appeared until just preceding death, 
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while the degenerative changes in the brain were very marked. If one 
considers only those cases in which there existed a definite psychosis, 
this lack of correlation between the clinical and pathologic findings is 
even more striking. Although Barrett found definite pathologic changes 
in ten of the eleven cases which he reports, the Lichtheim placques 
were present in only four, and very insignificant in the mental case 
here reported; on the other hand, in four of the seven cases of this 
series, the degeneration was very marked, while the mental symptoms 
were no more marked than is ordinarily observed in pernicious anemia. 
Just what part these lesions play in the production of this mental condi 
tion cannot be definitely stated. As Barrett and others have shown, 
the development of well marked psychotic manifestations is probably 
independent of the pernicious anemia itself. The same lack of causal 
relationship between the mental symptomatology and the pathologic 
changes observed, probably obtains with reference to these placques 
also. It is not at all unlikely, however, that they may aid in the produc 
tion of the indifference, irritability, apathy, and somnolence so fre 
quently seen, though the principal factor underlying these phenomena 
is probably the toxin itself. 

The percentage of pernicious anemia cases showing pathologic 
lesions in the cord is rather high, though an accurate figure cannot be 
given. Nonne, ina series of seventeen cases, found cord changes pres 
ent in ten, about 59 per cent. Minnich, in thirty cases, found changes 
in twenty-three, about 77 per cent.; Petrén, in nine cases, found 
changes in two, about 22 per cent. In the five cases of this series in 
which the spinal cord could be studied, combined sclerosis was marked 
in three, moderate in one, and very slight in one. 

Compared to this it will be seen that the degenerative changes in 
the medullary portion of the cortex occur fully as often in pernicious 
anemia, if not oftener, than do changes in the spinal cord, though the 
lesions in the brain are usually smaller, fewer in number, more widely 
scattered and not so readily enlarged by confluence and secondary 
degeneration, which renders their detection more difficult. In Cases 
i, 2, and 3 there was a well marked change in both the brain and the 
spinal cord ; in Case 4 the changes in the brain were marked while those 
in the spinal cord were relatively slight ; in Case 5 the degeneration of 
the brain was very slight while that in the cord was moderate. If the 
results of such a small series of cases can be used in formulating a 
general principle, it might be said that the changes in the cord and in 
the brain run fairly parallel. 

Of not less importance, however, are the smaller areas which were 
described in the Weigert sections as being more or less circular in out- 
line, about 0.1 mm. in diameter, and most numerous in the medullary 
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portion of the cortex, just underlying the marginal gray of the convolu- 
tions. The same areas appeared in other slides as localized patches in 
which the fibrillar structure was more or less pushed aside, the meshes 
being thereby enlarged; the margins were not well defined, but graded 
almost insensibly into the surrounding tissue, the entire structure pre- 
senting a picture such as might be brought about by a localized edema. 
As serial sections showed, they may be unrelated to any blood vessels, 
though as a rule they tend to surround these like a halo. Axis cylin- 
ders passing through these areas were found to be more or less disinte- 
grated, and in the center of a number of them was seen an 
accumulation of granular debris, as shown in Figure 13. There was 
no evidence of any associated glia reaction or cellular increase. Ina 
number of instances these meshes were found to be more or less dis- 
tended with a somewhat hyaline, usually basophilic substance, which 
resembled in every respect material found in the perivascular spaces, 
and with which it at times seemed to be continuous, as though it had 
been pressed into the tissues. Such a condition is represented in 
Figures 14 and 15. There appears to be but one conclusion, and this 
is the obvious one, which is that at least some of the white fibers, 
including the myeline sheaths and the axis cylinders, are destroyed, 
presumably through toxic action, possibly assisted by stasis, by a sub- 
stance which accumulates in the so-called perivascular space. The 
very marked degeneration seen around some of the vessels in the 
Marchi sections, as well as the Weigert sections, supports this theory 
as additional evidence. It was also noted, however, that these peri- 
vascular structures were not the only ones in which this degeneration 
was initiated, but that a very diffuse and widely scattered destruction 
of the medullary substance at times occurred. To state that this is 
due directly to toxin action is rather arbitrary, though it certainly 
appears by virtue of its apparent simplicity to be the case, and it is not 
only possible, but also probable, that such a mechanism may obtain. 
There is another factor, however, which the study of this material 
shows to be instrumental also in bringing about degeneration in the 
medullary substance of the cortex. It will be recalled that in Cases 2, 
3, 6, and 7 certain areas of pallor, resembling very closely those just 
referred to, were also present in the marginal gray matter of the gyri. 
These were, in perhaps the majority of instances, found surrounding a 
pyramidal cell, as shown in Figures 16, 17, 18 and 19, the cell thus 
located presenting all degrees of degeneration from one which was 
practically normal in appearance to one which was completely disinte- 
grated, the cells in the vicinity being practically normal as revealed by 
microscope. It seems indisputable that this cellular disintegration and 
the surrounding area of partial necrosis bear some relation to one 
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another. The interpretation of this, however, is not so simple. We 
are probably justified in assuming that the process at work here does 
not differ materially from that acting to bring about degeneration in 
other structures of pernicious anemia brains. Accordingly, this cellu- 
lar destruction is probably the result of some toxin action, assisted 
possibly by some nutritive factors of mechanical origin. The manner 
in which this toxin is conveyed to the cell is probably the same as else- 
where, namely, through the lymphatic channels ; incidentally this would 
serve as additional evidence of the existence of a so-called pericellular 
space of Obersteiner. Granting that pyramidal cells of the cortex may 
be thus destroyed, there would then follow a secondary degeneration 
of the axon to which it gives rise, which would account for at least 
some of the degenerating fibers seen in the cortical white matter. 

Certain other cell changes were observed also, though, on the whole, 
the cells were practically normal in appearance. Among the changes 
seen, were varying degrees of tigrolysis, particularly in the cells of the 
second and third pyramidal layers, vacuolization, loss of cell processes, 
indistinctness of the cell outline, eccentric positions of the nuclei and 
of the nucleoli, some of which were very much swollen, deep staining 
of the nucleus, partial extrusion of the nucleus, and in two cases, defin- 
ite axonal reaction. Satellitosis and neuronophagia were observed also. 
Fuchsinophilic granules were seen in the cells of a number of cases. 
In certain cells there appeared to be an increase in the amount of intra 
cellular pigment which exceeded the normal; on the whole, however, 
this was not the case. 

Relative to the glia changes, little can be said. There appeared to 
be in some of the cases a little increase in the coarser glia fibers, which 
often seemed enlarged, nodular, and very wavy. Henneberg’s observa 
tion, that there is in general little glia reaction in cases of this kind, due 
possibly to the poor nutritional state, would seem to be borne out by 
these findings. Too much can hardly be said in praise of Ramon y 
Cajal’s comparatively new gold stain for glia cells and the coarser glia 
fibers. We found it to yield very excellent pictures. 

Hemorrhages were noted in but one case, and here they were not 
very numerous. Definite softening was observed in two of the cases, 
once involving a portion of the basal nuclei, and in another, the cortical 
white matter. The “Ringwallherdchen” described by Schroeder as 
being so characteristic of pernicious anemia brains, though carefully 
sought, could not be found, though it seems that this should be no diffi 
cult task, in view of his description. Only one focus, in which the 
resemblance was, as a matter of fact, exceedingly remote, was found 
which could possibly be interpreted as an accumulation of disintegrated 
glia cell neuclei. 
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SUMMARY 


Summarizing again what we believe to be the most salient features 
in the pathologic anatomy of pernicious anemia brains, we have the 
following : 

1. Not only do degenerated areas of the Lichtheim type, such as 
are typically found in the posterior and lateral funiculi of the spinal 
cord in pernicious anemia patients, occur in the medullary portions of 
the brains of these cases, but they occur with about the same frequency, 
though their demonstration may be rendered more difficult. 

2. Patients who show degenerative changes in the spinal cord at 
necropsy, usually show the same type of lesion in the brain also. 

3. In addition to these focal degenerative areas found in the white 
matter, which may or may not be associated with blood vessels, we also 
find a diffuse degeneration, which, though it is, as a rule, somewhat 
more striking in the long association tracts, also occurs in the short 
commissural fibers passing from one gyrus to another, thus rendering 
the view untenable that it is the distance of these fibers from their 
trophic centers which is instrumental in causing the degeneration. 

4. The gray matter is by no means immune from the destructive 
process. This is usually focal in character, and begins around the 
pyramidal cells of the marginal gray layer, the cells themselves being 
ultimately destroyed in the process, this, in turn, giving rise to a sec- 
ondary and very diffuse degeneration of the medullated fibers in the 
white matter. 

5. Though some degeneration was noted in the fibers of the internal 
capsule and in the long tracts passing through the pons, the degenera- 
tion at this level was less intense than that seen either in the cord or 
in the brain. 

6. The appearance of these plaques, not only around the blood 
vessels but also around some of the larger pyramidal cells, seems addi- 
tional evidence that lymph stasis is an important factor in the produc- 
tion of these foci. 

7. Well marked psychoses, such as are occasionally associated with 
pernicious anemia, probably have little or nothing to do with these 
destroyed areas. 

8. The milder mental manifestations such as somnolence, apathy, 
and terminal delirium, are probably in a measure dependent on these 
lesions, though the chief causative agent of these symptoms is probably 
the toxin itself. 
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Tue ELEMENTS OF THE ScIENCE OF Nurrition. By Graham Lusk, Ph.D., Sc.D., 
F.R.S. (Edin.), Professor of Physiology at Cornell Medical School, New 
York. Third Edition. W. B. Saunders Company, 1917. 


This book in its first two editions has been so well known among physicians 
and scientists that it seems almost superfluous to describe it. Professor Lusk 
reviews the evidence on which the science of nutrition both in normal and 
pathologic states is based; he furnishes us with a critical analysis of the 
intricate subject which we as clinicians have tersely designated as “metabolism 
in health and disease.” It requires a man who is not only a master in this 
subject, but in his power of expression as well, to present this material in an 
acceptable form. The author of this book fulfils both of these requirements 
in a wonderful manner. He has succeeded in describing the experimental evi- 
dence in each instance very briefly, and yet in such a way, usually by the 
judicious use of tables and figures, that the proof of each contention is vivid 
and very positive. The reader under these circumstances is able to form a 
concrete idea of the actual work accomplished by each author referred to in 
the text and to follow step by step in a most logical way tha evidence which 
leads to Professor Lusk’s conclusions. The discussions concerning calorimetry, 
the influence of protein, fat and carbohydrate, and of normal diet under various 
conditions are elaborated in great detail. Diseases such as diabetes and gout, 
which fall in the category of metabolic disorders, are carefully discussed from the 
scientific and experimental point of view. The third edition is much larger than 
previous ones, and includes a consideration of all of the most recent literature 
To physiologists, physiologic chemists and physicians interested in nutrition or 
nutritional diseases this book is indispensable. 
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